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UNSUPERVISED MACHINE LEARNING FOR EVALUATION OF AGING IN
EXPLOSIVE PRESSED PELLETS

Katelyn Yeamans
UCSD Structural Engineering, Fall 2018

INTRODUCTION

Scope

This project is an evaluation of the changes in the dimensional geometry of
pressed explosive powder pellets when stored for prolonged periods under
unmonitored storage conditions. Through the application of Structural Health
Monitoring (SHM) techniques, questions to be answered by this investigation are what,
if any, effect has the long-term storage of the pellets had on their physical attributes
and, if changes have occurred, are the resulting differences of significant magnitude to
affect the performance of the pellets. This resulting report includes a summary of the
relevant background information, explanation of the SHM approach used to analyze the
available data, presentation and discussion of the results, concluding remarks, and an
accompanying appendix containing the MATLAB program developed for the project.

Pellet Background

In 2001, a quantity of 200 small pellets of pentaerythritol tetranitrate (PETN) was
pressed using industry standards explosive pressing techniques. For each pellet, an
operator weighed out a prescribed amount of PETN, funneled the PETN into the pellet
mold cavity, and then actuated a mechanical press set to exert a given force onto the
pellet mold. Working in a temperature- and humidity-controlled environment, the same
operator manufactured each of the 200 pellets, sequentially, using the same mold. After
being gently removed from the mold, the pellets were measured for height (in
millimeters, mm) and weight (in grams, g), with the diameter determined by the mold
cavity. A density (grams per cubic centimeter, g/cc) was calculated for each pellet using
the gathered dimensions. The nominal dimensions for the pellets are 3.02 mm in
diameter, 3.175 mm in height, and 0.0375 g in weight for a calculated density of 1.65
g/cc. After manufacturing, pellets were packaged in explosive safety storage trays: 50
pellets per tray, each pellet in its own numbered well, and each tray covered by a clear
plastic lid. Figure 1 represents pellet size and shape (simulated material) and the storage
tray layout. Each filled tray was placed in a large polyurethane bag with 8 units of
desiccant material and a humidity indicator card. The polyurethane bag was double heat
sealed at both ends and placed in the storage bunker.
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Figure 1: Pellet size and shape demonstrated with simulated material (left). Storage tray layout (right); each circle
represents a well in which a single pellet is placed.

The temperature and humidity in the storage bunker are neither controlled nor
recorded. The bunker facilities are partially buried, providing some insulation from the
ambient outdoor temperatures of an arid high dessert climate. Based on the low
temperature of -23°C and high temperature of 35.6°C recorded between 2007 and 2018
for nearest weather station (11, a conservative temperature range of -26°C and 43°C is
assumed for the purposes of this investigation. The humidity control requirement for
pellet manufacturing and packaging is an ambient condition of 25 *+ 2.5°C and less than
15% relative humidity; the amount of desiccant added is calculated to maintain the
required humidity condition within the sealed volume of the polyurethane bag for an
unspecified length of time. There is no minimum requirement for relative humidity, and
because the trays are sealed and desiccated, the humidity variations within the storage
bunker have not been considered to influence the condition of the pellets.

To collect data for this evaluation, a single tray of the pellets was removed from
the bunker after over a decade of storage and the pellets re-measured for height and
weight using identical methods to those employed during the original evaluation. An
additional measurement was added to collect the diameter of each pellet so that the
pellet density could be re-calculated. Although the specific measurement tools and data
collection operator changed, the calibration requirements and standard operating
procedures for the use of the measurement equipment were unchanged between the
initial measurement and the more recent measurement. Before the polyurethane bag
was breached to access the pellets for re-measuring, the humidity indicator card was
verified to indicate a relative humidity within the sealed environment of less than 15%.
The pellets were stabilized for at least 24 hours under environmental conditions
matching the original manufacturing conditions before the second set of measurements
were taken.
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PETN Properties

PETN is an explosive compound with the chemical formula CsHsN4O12. Single
crystals are opaque white in appearance, which under typical compounding conditions,
form into tetragonal rods with apex angles > . Evolution at higher temperatures
produces longer needle-like crystals, and lower temperature produce shorter, more
sphere-like crystals 1. The chemical reagents are usually combined then stored in an
aqueous solution until the product is needed, at which time it is crystalized in acetone at
a temperature of approximately 22°C [2l. PETN can be used as loosely packed crystalline
powder, or pressed into pellet form . Figure 2 illustrates a typical crystal of PETN and
its microcrystalline structure.

Figure 2: PETN crystal (right) and microcrystalline structure (left). 23!

In either loose or pressed form, storage and exposure conditions affect the
dissolution and recrystallization of the PETN material, resulting in changes to
performance properties [, The melting temperature of PETN is 141°C, with a useful
service temperature range defined as 70°C to 75°C. Pl There are two uniquely
identifiable phase states of PETN in each PETN crystal, Phase | and Phase I, but Phase Il
constitutes less than 1% of the formulation at any time under any storage or
performance conditions and is not considered to have any effect on the overall
performance of PETN . The homogeneity of form and crystalline symmetry makes
PETN a reliable explosive for numerous applications >,

PETN is considered “mobile” on the crystal surface, meaning that under storage
conditions above approximately 20°C the surface area of crystals (arranged as single,
loose Bl or pressed Pl) is subject to change. Rather than reagent evaporation that
frequently occurs in other compounds, crystalline morphology in PETN is based on “re-
organization”: wherein the crystal surface tends to get smoother after prolonged
periods, as demonstrated by the images and plots in Figure 3. This characteristic results
is a reduction in crystal surface area of up to 1.8% after a period of one year when
stored at 30°C 3. The smoothing process is referred to as Oswald ripening or sintering,
and its effects are observed regardless of storage conditions ©°.
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Figure 3: PETN crystal surface changes (left) and quantified changes in identifiable surface features (right). !

Research on loosely packed crystals concludes that the maximum effect of
Oswald ripening on the change in the surface area occurs within the first 70 hours of
storage at an elevated temperature of 100°C, with little change from that time until the
continuous monitoring was concluded at 816 elapsed hours, or at a follow-up
measurement after 18 months . An additional experiment used storage at elevated
temperatures for prolonged durations to extrapolate surface area changes expected
after decades in storage [®°l. Initially, the researchers concluded an approximately 4%
decrease in surface area over 50 years when stored at 25°C (&, but re-evaluation of the
experimental techniques and analysis capabilities yielded a predicted decrease in
surface area over 50 years of 36% when stored at 25°C to 60°C, although the
researchers noted that more samples would need to be processed to validate the
results of the second study . Examples of surface area trends are included in Figure 4.
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Figure 4: Changes in Fisher Sub-sieve Surface Area (FSSA) at given temperature over hours (left) and initial (top line)
and updated (bottom line) predictions for decreased FSSA over decades (right). [>8!

Some of the challenges in studying PETN are related to the difficulty in finding a
method of experimentation that does not affect the measurement outcome, and finding
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a numerical modeling method that accurately represents the empirically derived data.
Thermgravimerty (TGA) Bl, atomic force microscopy (AFM) B!, and air permiametry
are the current techniques employed to measure PETN bulk characteristics. TGA
isothermally heats single crystals to temperatures between 110-120°C and measures the
rate of mass loss, while AFM heats a crystal from 25°C to 50°C and collets images of the
crystal surface as the temperature changes 3. These two methods are problematic in
that they actively and quickly heat the PETN to record changes, thereby forcing changes
to occur outside of actual operational or storage parameters Bl. For analysis by air
permiametry, samples are packed into the end-use bodies by centripetal force then air
is passed through the packed sample with a resulting measurement of pressure loss
across the sample volume . A simple schematic of the experimental setup for PETN
analysis via air permiametry is included as Figure 5. The pressure drop correlates to the
permeability of the PETN sample, which is then related to the particle Fisher Sub-sieve
Surface Area (FSSA) within the sample . Although the air permiametry technique
maintains the thermal integrity of the PETN material from its initial precipitate state, it
relies on the powdered form of the material not being used at high densities.

/Pressure
Reducing gauge Needle Permeabilit Pt probe
valve ity
\ Birkar valve =iy thermometer
Air
Supply I:]' —
— ~
—
Capillary
Differential flow
manometer meter

Figure 5: Simple schematic of air permiametry experimental setup. B!

For the purpose of the pellets used in this experiment, measurement techniques
employing destructive, thermally destabilizing methods such as TGA and AFM at
temperatures exceeding the worst-case storage temperature conditions will not provide
a reliable model applicable for post-storage use potential B, and air permiametry
techniques cannot suitably model the surface area changes of high-density samples .
Some researchers have shown that the effects of Oswald ripening and
temperature excursions on the surface area of PETN can be mitigated slightly using
doping, surface agent, or heat treatment techniques, as seen in the plot of Figure 6.
Increasing the percentage quantity of the naturally occurring impurity homologue
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tripentaerythritol octanitrate (TriPEON) to only 1% showed a significant decrease in the

desorption rate of the PETN, proving this as a “mild binder” for the material .
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Figure 6: Reduction in change of FSSA with TriPEON doping (left) and molecular structures of PETN (top right) and
TriPEON (bottom right). 8

Success in reducing surface area mobility has also been observed when the PETN
synthesis process is precipitated in water, because the water blocks crystallization sites
that may have hosted more fractured or “kinked” PETN molecules . Polymer materials
such as polysaccharide or wetting agents can also be used to retard the sublimation of
PETN during high temperature exposure, acting in a similar manner to the homologue
dope by linking to and saturating any kinked PETN molecules on the surface of the
crystal . Examples of the reduction in sublimation for PETN doped with deionized
water are illustrated by Figure 7.
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Figure 7: Images of PETN crystals when doped with differing ratios of water (left) and quantifiable reductions in
reagent sublimation rates as a result of various water doping ratios (right). °!
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Additionally, promising results in stabilizing PETN are noticed when the material
is thermally cycled or “pre-heated”, with no significant change in surface area
measurements noticed after approximately 600 days following an 8 hour annealing
process at 240°C 15! or after 100 hours at 70°C for homologue-doped samples [8l. Figure 8
below illustrates these results, with Powder A, Powder B, and Pantex being non-
thermally cycled PETN samples and Powders C and D having undergone different
thermal cycling treatments. While these studies shed light on actions that can be taken
to prepare PETN for long-term storage, they are mostly focused on the reduction of
surface area mobility, which, while closely related to performance, has not been directly
correlated to the detonation performance of PETN at the end of the studies.
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Figure 8: Changes in FSSA for typical PETN and thermally treated PETN. [

Numerous references such as the studies discussed above are available
regarding loose crystalline PETN, but finding information on specialized uses of PETN in
molded pellet form is more difficult, especially for PETN pressed to near theoretical
maximum density (TMD). When powdered PETN is compressed to a calculated density
such that the density of the pressed form is as close as theoretically possible to the
density of an individual crystal of PETN, that pressed form is said to be at TMD Pl. The
density to which PETN is pressed into a form affects the explosive performance
parameters, such as initiation temperature and deflagration rate Bl. The pellets in
guestion for this experiment are pressed very near to the TMD value for PETN, and as
such, density becomes the most important parameter by which the pellets can be
evaluated P, One study of low density pellet data collected at lower temperatures for
approximately 300 days extrapolated a maximum recommended storage temperature
for pressed PETN not to exceed 49°C at the risk of significant changes to the initiation
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sensitivity of pellets pressed at lower densities . This theoretical recommended
maximum temperature is very near to the maximum of the assumed actual temperature
range of the specific pellets used in this evaluation, supporting the need for an
investigation into the current condition of the stored pellets.

SHM METHODOLOGY

What is known about the high molecular mobility of PETN indicates that some
change to the pellets is expected after a storage period even as little as 70 days, but it is
unknown to what extent these micro-scale changes can have on a high density bulk
PETN material, i.e., to what extent, if any, have the molecular changes resulting from
prolonged storage have changed the overall physical dimensions of the pellets. This
project approaches the inherent statistical pattern recognition issue of evaluating
changes to the pellets using SHM definitions and methodology. Some parameters of the
project, such as the data acquisition portion, were limited by the allowable methods for
explosives handling and were completed by trained, competent operators.

Operational Evaluation and Environmental Effects

There are several life-safety and economic justifications for performing SHM of
the prolonged storage of PETN pellets in uncontrolled conditions. Pellets with changes
in shape are unlikely to perform as required, either due to density value changes within
the explosive or failure to fit next level assembly caused by changes in physical
geometry. If the pellets are not the correct density, they will be unusable, and if the
pellets are submitted for use and do not perform as expected, the results of costly
experiments will be deemed unacceptable. Changes to the structural integrity of the
pellets may also cause the PETN to behave in an unpredictable manner, making it a
safety hazard during handling and storage. If there is no statistically significant change in
the pellets after the long storage duration, an economic benefit may be gained by
pressing pellets when other production demands are low and resources are readily
available.

Damage to the pellets that would negate their usability is defined as changes to
the physical dimensions of the pellets as a result of prolonged storage to an extent that
the calculated density is fundamentally changed or the pellet exceeds tolerable part
geometry. Of the two damage possibilities, changes to the density of the pellets are the
most concerning.

Defining the functional conditions for this study is complicated, both for the
operational and the environmental settings. The physical traits of the pellets are
evaluated in a temperature and humidity controlled environment, but stored in non-
controlled, non-monitored bunkers with only desiccant packets within the sealed
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volume of the packaged tray to moderate humidity conditions. Because the actual
operation of the pellets results in their destruction, the operational functional
conditions for the purpose of this investigation are defined as the pellet in an
unrestrained resting state within its individual compartment of the standard storage
tray. Monitoring is focused on this “operational condition” of the pellets and is mostly
affected by the bunker storage conditions; these conditions also define the
environmental functional conditions. For safety reasons, the pellets were removed from
the operational condition to a controlled environment for data collection.

Data acquisition in the operational environment of the storage bunker itself is
restricted by several factors. Power supply to the storage bunkers is limited, and
because the pellets are made from PETN, care must be taken to minimize their exposure
to electrical current, shock or impact loading, and extreme high temperatures. Access to
the storage areas is also regulated to approved personnel only, and computational
devices are strictly prohibited. The bunkers themselves have no environmental
monitoring systems, so it is not possible to correlate the environmental conditions to
the operational condition of the pellets.

Data Acquisition & Normalization

The data acquisition portion of this project was completed using approved
methods and instruments for the safe handling and manipulation of explosive materials.
For the initial measurements the mold used to form the pellets controlled the diameter,
with the height of the pellet measured by an indicator-over-base and a high accuracy
scale used to collect the weight of the pellet. An indicator-over-base and scale calibrated
to the same specification as the tool used for the initial measurements was used to
measure the height and weight of the pellets for the updated data set. A micrometer
was used to measure the diameter of the pellets for the updated data collection,
because re-inserting the pellets into the mold would only provide go/no go results and
posed a high risk of damage to the pellets. All data was recorded by hand into an Excel
workbook. MATLAB was used to process the data. Methods such as TGA, AFM, or air
permiametry used to evaluate raw crystalline PETN were not considered as data
collection techniques due to their destructive nature, as is the case for TGA and AFM, or
because, like air permiametry, they are unsuitable for measuring pressed pellets [, As
mentioned previously, the exact storage conditions for the pellets are not tracked,
which makes data normalization relative to the bunker environment impossible.

Features & Damage Detection

The scope of this investigation limits the potential feature identification to those
that may be determined from the data that has been collected for all 200 pellets at the
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time of initial manufacturing and the updated data for the 50 pellets from Tray 1 only.
From 200 previous and 50 new data points, the feature of physical change in these
parameters must be extracted. Damage will be defined as either significant variation in
the shape of a pellet from the initial measurement to the updated data point or
statistically significant changes to the calculated density of a pellet.

Statistical Model Development

Because the state of the pellets is either “good” or “outlier” for the initial
measurements and “unknown” for the subsequent re-measurements, and because
novelty detection is the primary intention of this investigation, the basis for the initial
statistical model development will be a cluster-based unsupervised learning model 19,
Machine sorting will be performed on both sets of data. The intent is to sort the initial
data for identification of outliers then re-sort the data including the updated
measurements to identify any possible additional outliers resulting from extended
storage.

SHM APPLICATION

Data Indexing and Statistical Evaluation

Each individual pellet is indexed by tray number (1 through 4) and by its position
within that tray (1 through 50), e.g., pellet 3-47 is the forty-seventh pellet in Tray 3. The
sequence of production follows increasing tray and position numbers; for example,
pellet 1-1 is the first pellet produced, 2-44 is the ninety-fourth pellet produced, 3-15 the
115" and pellet 4-50 the 200™ pellet. For data sets where the entire population of
pellets is considered, the individual pellets are identified by this manufacturing
sequence value (1 through 200). The data collected at the time of manufacturing is
referred to as the “Legacy” data, and plots or charts with Legacy in the title represent
the initial values (by tray or total population) for each pellet. The MATLAB code included
in the Appendix of this document was used for all numerical analysis, machine sorting,
and data plotting.

The raw values of Legacy measurements for pellet diameter (OD), pellet height
(H), and weight (W) as well as calculated density (D) are collected in Figure 9 below.
Note that the value of OD for all pellets across all trays is identical, as this value was
assumed to be the measured diameter of the press mold (3.02 mm). Tray 1 shows the
broadest range for all measured and calculated Legacy values, with pellets 1-28, 1-30,
1-31, and 1-44 exhibiting significantly above average heights and 1-29, 1-36, and 1-45
below average height; and lower W values for pellet 1-48. These variations in the
geometric properties of Tray 1 pellets result in lower than average calculated D values
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for the 1-48 pellet, and higher than average D for pellet 1-36. Because Tray 1 represents
the first 50 pellets run, it is expected to see greater variance as the manufacturing setup
and processes hone into optimal settings. No correlation between pellets of the same
index across trays is expected, because each pellet is manufactured on an individual
basis. Significantly underweight pellet 2-36 is also identifiable, and this condition
corresponds to the very low D value for the same pellet. The data points identified as
outliers in the raw data from Tray 1 have been included in all statistical and sorting
operations; these pellets will provide “markers” throughout the course of the analysis,
especially during machine sorting.
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Figure 9: Legacy values for all geometric parameters, by tray. Color legend for Legacy Diameter plot applies for all
plots in this figure.

Figure 10 arranges the Legacy data by tray with the H, W, and D values acting as
axis. Although the OD values are available and plotting the H and W values against OD
would visually represent the D value for each pellet, OD was not included because it is
uniform and does not represent a controllable variable for manufacturing. An
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unanticipated advantage of this experiment is having the majority of the population
outliers in Tray 1, as this is the only tray for which “Updated” measurement data is
available: if the outlier pellets exhibit significant changes due to prolonged storage, it
may be an indication of more minute changes in the more homogenous population.
Figure 11 shows the values for Tray 1 pellets isolated from the total population, a plot
that will be helpful for comparison when the updated data is included.
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Histograms and statistical properties including the mean, standard deviation,
median, mode, minimum, and maximum values for the data were also collated by tray
and for the total population. The same evaluations were performed for each of the
Legacy trays, but because the interest of this investigation focuses on the data from Tray
1 and the total population, only those plots will be presented in the body of this report.
Plots and tabulated data for Trays 2-4 can be found in the Appendix. Table 1 represents
the statistical values for Legacy Tray 1 measurements, and Table 2 captures this
information for the total Legacy pellet population.

Table 1: Statistical Properties of Legacy Pellets, Tray 1

Outer Densit
Parameter | Diameter Height (mm) | Weight (g) y
(mm) (g/cc)
Mean | 3.020 3.175 0.0375 1.65
Standard
L. 0 0.00397 0.000141 0.00645
Deviation
Mode | 3.020 3.175 0.0375 1.65
Median | 3.020 3.175 0.0375 1.65
Minimum | 3.020 3.162 0.0371 1.63
Maximum | 3.020 3.184 0.0378 1.67

Table 2: Statistical Properties of Legacy Pellets, Total Population

Outer Densit
Parameter | Diameter Height (mm) | Weight (g) y
(g/cc)
(mm)
Mean | 3.020 3.175 0.0375 1.65
Standard
L. 0 0.00250 0.000140 0.00622
Deviation
Mode | 3.020 3.174 0.0375 1.65
Median | 3.020 3.175 0.0375 1.65
Minimum | 3.020 3.162 0.0364 1.60
Maximum | 3.020 3.184 0.0378 1.67

A histogram with 10 bins (default MATLAB value) was built for the Legacy height,
weight, and density as seen for Tray 1 in Figure 12 and for the total population in Figure
13. From this plot common statistical distribution of the data points is not readily
identifiable, so the data is re-sorted into twenty bins (2x default bins, as illustrated in
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Figure 12 for Tray 1 and Figure 13 for total population) and reevaluated to see if
additional bins reveal a previously unseen distribution pattern. Because decreasing the
bin size does not immediately reveal a clear characteristic distribution, a chi-squared
goodness of fit test is applied to the individual tray data and the combined total
population data. As seen in Table 1, the null hypothesis that the data fits a normal
distribution is rejected for all cases of data except the Legacy W values for Tray 1;
however, the 0.05 p value for this test indicates that the acceptance of the null
hypothesis (as denoted by a “0” in the Accept/Reject Null Hypothesis cell, rejection is
denoted by a “1”) should hold true for 95% of all pellets tested; however, the null
hypothesis is rejected for the total population test, and as such, it is likely that the
acceptance of the null hypothesis for Tray 1 is an aberration. Because there is absolutely
no variance in the OD values for the Legacy data, testing the values accepts null
hypothesis but cannot calculated a p value (because a 100% confidence interval is not
considered possible), so p is declared “not a number” (NaN). The Appendix holds
histograms and tabulated results for the Legacy tray data not presented here.
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Figure 12: Legacy Tray 1 histograms for given parameters organized into 10 bins (left) and 20 bins (right).
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Table 3: Chi-Squared Goodness-of-Fit Testing Results

Parameter oD H w D
Test Case Tray | Total | Tray Total Tray Total Tray | Total
1 Pop. 1 Pop. 1 Pop. 1 Pop.
Accept/Reject 0 0 1 1 0 1 1 1

Null Hypothesis

PValue| NaN | NaN [0.00008| 0.001 0.05 | 0.0007 | 0.0002 | 0.001
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Figure 13: Legacy Total Population histograms for given parameters organized into 10 bins (left) and 20 bins (right).

The same set of statistical analysis and distribution tests were performed for the
Updated data of Tray 1. Figure 14 collects the raw measurement data for the OD, H, W,
and D values and plots the Updated numbers and the Legacy numbers. Recall that the
Updated data is only available for Tray 1, and that the Legacy and Updated data point
for each index value represent the measured and calculated values for the same pellet,
only years apart. While values for the Updated OD are presented here, any notable
variations between the Updated and Legacy points should be interpreted including the
caveat that the Legacy OD values were assumed to match the diameter of the press
mold and were not directly measured. The Updated OD values were directly measured,
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however, and contribute to the calculation of the Updated pellet density, so the
influence of any changes is reflected in this parameter.

The largest notable difference between the Updated and Legacy data is seen in
the measurement of H. Here it is helpful to recall the index values identified as markers
in the Legacy data: 1-28, 1-30, 1-31, and 1-44 for above average height values and 1-29,
1-36, and 1-45 below average. Where these marker points were clear outliers in the
Legacy population data, they are barely distinguishable among the Updated H values,
and new marker pellets with abnormal H values can be identified as 1-9 and 1-14 on the
high sides and 1-7 and 1-41 on the low end. There are now two notable outliers in the
Updated W values (pellets 1-40 and 1-45), although neither falls below the marker index
2-36 from the Legacy data. Additionally, the changes in the Updated H and W values are
apparent in the Updated D calculations, where the general increase in H has slightly

reduced the general Updated D results.
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Figure 14: Updated and Legacy values for all geometric parameters, by tray. Color legend for Outer Diameter plot
applies for all plots in this figure
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Updated and Legacy Height v. Weight v. Density, Tray 1
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Figure 15: Legacy and Updated data.

The height versus weight versus density scatter plot of Figure 15 illustrates the
similarities in the two datasets for a couple of the marker datum, but also shows that
there are corresponding changes for other data points as a result of aging. This scatter
plot view of the pellets illustrates the tracking of the Legacy versus Updated values for
the low height pellets 1-28 and 1-36 and the identification of the two new low weight
pellets 1-40 and 1-45.

Table 4 represents the statistical values for Updated Tray 1 measurements
compared to the Legacy values, and Table 5 captures this information for the total
Updated pellet population alongside the Legacy population numbers. For calculation of
the Updated population data, the 50 Updated values for each parameter are added in
sequence to the end of the original indices such that Updated Tray 1 values are
represented as values 201-250. The decision was made to append the Updated data to
the original data to simulate the statistical analysis as though the Updated Tray 1 were
actually a Legacy Tray 5. In this manner, the effect of the Legacy measurements on the
total Legacy population are retained, and changes to the population statistics with the
inclusion of the Updated Tray 1 data reflect the actual changes for each characteristic.

While the mean, median, mode, minimum, and maximum values for each
parameter change very little between the Legacy and Updated values, noticeable
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changes are evident in the standard deviation values. The larger values for standard
deviation in all of the Updated measurements indicate a shift in the distribution of the
pellets within the overall range for that parameter.

Table 4: Statistical Properties of Tray 1 Pellets, Legacy and Updated Values

Parameter Oute;rlr)‘:Teter Height (mm) Weight (g) Density (g/cc)

Data Case |Legacy|Updated | Legacy |Updated| Legacy | Updated | Legacy |Updated

Mean|3.020 [3.019 3.175 |3.178 0.0375 [0.0374 |1.65 1.65
Standard
Deviation

Mode |3.020 [3.019 3.175 |3.181 0.0375 |0.0375 |1.65 1.65

Median|3.020 [3.019 3.175 |3.180 0.0375 |0.0375 |1.65 1.65
Minimum|3.020 [3.017 3.162 |3.160 0.0371 |0.0347 |1.63 1.62
Maximum |3.020 [3.020 3.184 |3.189 0.0378 |0.0377 |1.67 1.67

0 0.00074 |0.00397|0.00603 |0.000141{0.000433|0.00645 |0.00820

Table 5: Statistical Properties of All Pellets, Legacy and Updated Values

Parameter Oute;:r:r)neter Height (mm) Weight (g) Density (g/cc)

Data Case |Legacy| Updated | Legacy |Updated| Legacy | Updated | Legacy |Updated

Mean|3.020 |3.020 3.175 |(3.176 0.0375 |0.0375 1.65 1.65

Standard
Deviation

0 0.000615 |0.00250|0.00362 |0.000140|0.000230 |0.00622 |0.00664

Mode 3.020 |3.020 3.174 (3.174 0.0375 |0.0375 1.65 1.65

Median [3.020 |3.020 3.175 |3.175 0.0375 [0.0375 1.65 1.65

Minimum|3.020 |3.017 3.162 |3.160 0.0364 |0.0347 1.60 1.60

Maximum |3.020 |3.020 3.184 |(3.189 0.0378 |0.0378 1.67 1.67

As with the Legacy datasets, histograms were plotted for the height, weight, and
density of the Updated Tray 1 and Updated Total Population values, and the chi-squared
goodness of fit test applied to possibly identify any distribution patterns for the new
numbers. The Updated Tray 1 histograms, both default (10) bin and 2x default (20) bin,
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# of Pellets

# of Pellets

# of Pellets

are presented in Figure 16. As with the numerical evaluation for the Updated total

population, the Updated histograms included in Figure 17 represent 250 total number
of pellets. An interesting feature of the Updated W histogram is the coalescence of the
values to the center of the value range. Unsurprisingly, the Updated chi-squared testing

results mimic the Legacy outcomes, with the null hypothesis that the data fits a normal

distribution rejected for all cases of data except the Updated W values. For that case,

however, the p value for the Updated W test cannot be calculated and is considered
NaN by MATLAB for the same reason that the Legacy OD case could not be calculated.
The values denoted simply as “0” in Table 6 are calculable, but are so small (on the
order of 1*101%°0or smaller) they are considered to have a zero value. Table 6 collects

and compares all of the Updated and Legacy distribution testing results. Additional

histograms and tabulated testing values by parameter for the Updated data are

included in the Appendix.
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Figure 16: Updated 10 and 20 bin histograms for Tray 1.
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Figure 17: Updated 10 and 20 bin histograms for Total Population.
Table 6: Legacy and Updated Chi-Squared Goodness-of-Fit Testing Results
Parameter oD H w D
Test Case Tray | Total | Tray | Total | Tray | Total | Tray | Total
1 Pop. 1 Pop. 1 Pop. 1 Pop.
Accept/ Rejec':t 0 0 1 1 0 1 1 1
Null Hypothesis
Legacy
P Value| NaN | NaN |0.00008| 0.001 | 0.05 | 0.0007 |0.0002| 0.001
Accept/Reject
. 0 1 1 1 0 0 1 1
Null Hypothesis
Updated
P Value| NaN 0 |0.00008 0 0.05 NaN |0.0002 0
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Machine Sorting and Clustering

Having completed the statistical evaluation for the pellets to build an
understanding of the characteristics of both the Legacy and Updated populations, the
next step is applying SHM methods to sort and analyze the data. This process starts by
building branch-and-leaf plots, or dendrograms, for the given data. The default
dendrogram command in MATLAB creates binary pairs of pellets based on the Euclidean
distance between the pellet dimensions, E, represented per Equation 1 below where
subscripts n and m represent the two pellets being compared. Each binary pair is then
grouped with the next closest (in value) pair, continuing this pairing process until no
remaining pairs can be created [*V), Figure 18 illustrates a completed dendrogram for the
Legacy pellets in Tray 1. The pellet index numbers are plotted along the bottom axis,
with the value difference between the pairs along the vertical axis. Because the pellets
are paired based on the measurement data and the pairs exhibiting the smallest
Euclidian distance are plotted toward the left of the dendrogram, the pellet index axis
does not move in ascending order. This “scrambling” of the pellet index values is
demonstrated in Figure 19, which is a close-in view of the origin area of Figure 18. For
the purpose of this investigation the identification of which pellets are paired is not as
important as the overall shape of the dendrogram; therefore, the individual pellet index
values have been removed from view to simplify the dendrogram displays. The values
along the vertical axis are unitless, representing the absolute value of the Euclidian
distance between the binary pellet pairs at the lowest level and the grouped pairs for
ascending levels.

Emn = (0Dy — 0D)% + (Hn — Hu)? + Wy — W)? + (Dy, — D)2 (EQN 1)

The Euclidean analysis for this data evaluation is performed on non-normalized
data such that the contribution to the equation from the difference in weights between
pellets is dominated by the parameters with larger orders of magnitude, height and
density. While one approach to achieving a more equalized distance value would be
statistically standardizing all parameters then evaluating the distances, a more direct
approach was selected to retain the highest possible degree of data integrity: using the
Cityblock distance. Often called the Manhattan distance, the Cityblock distance, as
referenced in Equation 2, calculates the distances between pellet parameter directly. In
this way, each parameter contributes in equal measure to the distance between the
pellets; for this reason, Cityblock is often recommended for applications wherein
dimensions with disparate magnitude are to be evaluated 19,

Can = (ODn - ODm) + (Hn - Hm) + (Wn - Wm) + (Dn - Dm) (EQN 2)
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Figure 18: Legacy Tray 1 dendrogram configured based on Euclidian distances.
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Figure 19: Close view of Legacy Tray 1 dendrogram illustrating pellet index number rearrangement based on

dendrogram pairing algorithm.
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Figure 20: Legacy Tray 1 dendrogram configured based on Cityblock distances.
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Comparing the dendrogram in Figure 20 of Legacy Tray 1 data computed using
the Cityblock equation yields a more uniform difference between the grouped pairs
compared to the same information presented as Euclidian-based dendrogram of Figure
18. The difference in distance equation use is even more apparent in the Euclidian and
Cityblock dendrograms for the Legacy total pellet population plots as illustrated in
Figure 21 and Figure 22 respectively. The range in the vertical axis “Difference” numbers
are of similar magnitude for the two images, but the increased contribution of the
weight parameter for the Cityblock distance slightly raises the actual value; also note
how the “branches” of the Euclidian result have very little vertical differentiation,
whereas the Cityblock results have greater vertical variability. Additional dendrograms
for other Legacy Trays and parameters not presented here are collected in the
Appendix.

Beyond creating a more aesthetically pleasing graphic, computing the distance
between pellets and pellets pair and groups using the Cityblock method provides a
guantifiable advantage over the Euclidian technique. The cophenetic correlation
coefficient, ¢, found using Equation 3 is a measure of how well the dendrogram building
equation pairs the data relative to the “closeness” calculated by the chosen distance
formula (in this case, Euclidian or Cityblock) ™. In the c equation, Ymn» represents the
distance between two pellets, Y is the average value of all Yn, values, Zmn the vertical
distance of the dendrogram branch linking the two pellets, and Z is the average vertical
distance for all branches in the dendrogram. Essentially, a cophenetic correlation
coefficient of “1” would indicate that the pairing and grouping of the data in the
dendrogram exactly matches the progressively increasing computed distances between
the data points; the closer to 1 the cophenetic correlation coefficient, the better the
dendrogram represents the data set. For the pellet data, the cophenetic correlation
coefficient was found for both the Euclidian and Cityblock analysis cases. The results,
collected for Legacy Tray 1 and Legacy total population in Table 7, show an increased
cophenetic correlation coefficient for both Legacy Tray 1 and Legacy total population
when the Cityblock equation is used to calculate the paired and grouped distances.

— Z(Ymn_ Y) (Zmn_ Z)
\/Z(Ymn_y)z(zmn_z)z

(EQN 3)

— (Zmn_Zmn—l) _|_ (Zmn_Zmn—Z)

Lmn (EQN 4)

OZmn OZmn
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Figure 21: Legacy total population dendrogram configured based on Euclidian distances.
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Figure 22: Legacy total population dendrogram configured based on Cityblock distances.
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Table 7: Legacy Cophenetic and Inconsistency Coefficients

Calculation Method Euclidian Cityblock

Legacy Values Trayl |Total Population| Trayl Total Population
Cophenetic Coeff. c 0.7634 0.7660 0.8800 0.8731
Max. Inconsis. Coeff. i 1.155 1.155 1.155 1.155

In addition to the cophenetic correlation coefficient, a value called the
inconsistency coefficient, imn, is calculated (via Equation 4) for the Euclidian and
Cityblock results. To find this coefficient, the vertical difference value for each branch of
the dendrogram, Znmn, is compared to the vertical difference for the branches of groups
one and two levels lower in the hierarchy, Zmn-1 and Zmn-2 respectively 11, Those values
are divided by the standard deviation value for all vertical values in the dendrogram,
Ozmn. The maximum inconsistency value represents the maximum disparity between
two sets of vertical differences on the dendrogram. A higher maximum value for
inconsistency coefficients represent stronger natural divisions in the given data set,
although what constitutes a “high” inconsistency value is dependent on the data.
Fortunately, for the evaluation of the pellets the maximum inconsistency coefficient
value is the same whether the data is analyzed using the either the Euclidian or the
Cityblock equation, as demonstrated in Table 7. Tabulated results for the remaining
Legacy Trays can be found in the Appendix. Because organizing the pellet data for both
Legacy Tray 1 and the Legacy total population using the Cityblock method returns a
higher cophenetic correlation coefficient with no change in the inconsistency
coefficient, the Cityblock pairing and grouping results are used as the numerical model
for the next step in the SHM process: clustering.

Similar to the multiple methods that can be used to build dendrograms, a given
data set can be clustered based on different selected parameters. Common techniques
for clustering data include one method based around the inconsistency coefficient to
sort along natural divides in the dataset, and a second method that designates a
maximum number of clusters among which each data point must be sorted. Figure 23
illustrates the Legacy total population data sorted based on the former method; using
an average of the ten highest inconsistency coefficients found when the values are
grouped based on Cityblock distances, for which each color represents a defined cluster.
When a maximum number of clusters is selected as the basis for sorting, the machine
code must decide how the clusters are arranged and where the cutoff values for each
group are. The Legacy total population data sorted into a maximum of four clusters is
presented in Figure 24. The number of maximum clusters was selected as four because
the pellets are stored in four trays.
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Figure 23: Legacy total population sorted according to the average of the then highest inconsistency coefficient
values.
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Figure 24: Legacy total population data sorted into four clusters with size determined by MATLAB.
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Figure 25 represents each Legacy total population point as sorted into one of
four clusters by the MATLAB program, with cluster indicated by color. The pellets
identified earlier as anomalies (1-28, 1-29, 1-30, 1-31, 1-36, 1-44, 1-45, 1-48, and 2-36)
have been sorted out of the main population, in addition to pellet 3-4 which was
previously unidentified for above-typical height. Table 8 identifies how many pellets are
in each cluster, and from which tray the clusters are formed. Although most of the work
up to this point has included analysis for Legacy Tray 1 in addition to the Legacy total
population, Legacy Tray 1 is not considered independently during clustering, because
the significance of pellet clustering is identifying outliers from the total population, not
within each individual tray. Comparing the results of this Legacy total population sorting
exercise to the sorted results when the Updated Tray 1 data is added is the crux of this
investigation, and the crucial factor in proving the appended code is viable as a SHM
solution for identifying the usability of pellets after long-term storage.

Legacy Measurements, 4 Cluster, Cityblock

Height (mm)

Figure 25: Legacy total population data points sorted into four clusters.

Table 8: Four Cluster Breakdown for Legacy Total Population

Cluster | Legacy Tray1l | Legacy Tray2 | Legacy Tray 3 | Legacy Tray 4
Blue 1 0 0 0
Green 42 49 49 50

Red 7 0 1 0
Purple 0 1 0
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With the analysis complete for the Legacy data, the Updated Tray 1 values are
added to the Legacy total population. As was done for the statistical evaluation, these
Updated values are simply added to the end of the Legacy dataset instead of replacing
the Legacy Tray 1 values so that the Updated information can be tracked alongside the
original values. The same calculations were made to verify the Cityblock distance
equations remained the most suitable for data pairing and grouping; it is clear from the
comparison of the Euclidian and Cityblock dendrograms for the Updated total
population in Figure 26 and the tabulated results in Table 9 that it does. Additional
dendrograms and tabulated values for cophenetic and inconsistency coefficients are
collected in the Appendix.
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Figure 26: Euclidian and Cityblock dendrograms for Updated total population.

Table 9: Updated Cophenetic and Inconsistency Coefficients

Calculation Method Euclidian Cityblock
Updated Total Population Updated Total Population

Cophenetic Coeff. c 0.8254 0.8786

Max. Inconsis. Coeff. i 1.155 1.155

Again the total population is clustered into four groups, illustrated by Figure 27,
but with the Updated Tray 1 measurements included the results change slightly when
compared to the Legacy total population sorting. The new anomalies recognized during
the initial statistical evaluation of the Updated Tray 1 information are now sorted into
the four groups, with two pellets from Updated Tray 1 forming their own cluster, three
other pellets joining the two other outlier groups formed by two of the Legacy pellets,
and the seven pellets from Legacy Tray 1 originally sorted into their own cluster have
now joined the largest cluster. The distribution of the Legacy and Updated pellets, by
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tray, among the four clusters is collected in Table 10. From the tabulated data combined
with the figure, it is evident that the blue cluster represents pellet 1-36, which was the
lowest recorded height for the Legacy Tray 1 and again for the Updated Tray 1 values.
The two Updated Tray 1 underweight pellets 1-40 and 1-45 have joined the Legacy Tray
2 pellet 2-36 in the purple group, the pellets found to have larger heights in Updated
Tray 1 (1-9 and 1-14) are segregated in the red cluster, and the slightly tall pellet from
Legacy Tray 3 has been returned to the green general populous cluster.
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Figure 27: Updated total population sorted into four clusters.

Table 10: Four Cluster Breakdown for Updated Total Population

Cluster |Legacy Tray 1| Legacy Tray 2 | Legacy Tray 3 | Legacy Tray 4 | Updated Tray 1
Blue 1 0 0 0 1

Green 49 49 50 50 45
Red 0 0 0 0 2

Purple 0 1 0 0 2
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The clustering command was repeated with a maximum cluster value of five to
determine if allowing additional groups would divide the most heavily populated cluster,
but, as Figure 28 and Table 11 show, the only result was to separate 1-40 and 1-45 from
Updated Tray 1 from 2-36 in Legacy Tray 2. While it is probable that increasing the
maximum number of allowable clusters would identify more groups populated primarily
with Legacy and Updated Tray 1 pellets, both the four and five cluster results indicate
that the majority of the Updated Tray 1 pellets have retained geometric dimensions
within the original process variation envelope.
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Figure 28: Updated total population sorted into five clusters.

Table 11: Five Cluster Breakdown for Updated Total Population

Cluster |Legacy Tray 1| Legacy Tray 2 | Legacy Tray 3 | Legacy Tray 4 | Updated Tray 1
Blue 1 0 0 0 1
Green 49 49 50 50 45
Red 0 0 0 0 2
0 0 0 0 2
Purple 0 1 0 0 0
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CONCLUSIONS

Knowing that the Legacy Tray 1 pellets started with more variation within each
parameter, the results of this SHM experiment are encouraging. Of the five pellets
sorted out of the green cluster, one was also identified as an outlier in the Legacy data
and the other four were clearly recognized as out-of-normal by the sorting algorithm.
Because the remaining three trays were manufactured with much less variation, this
investigation provided significant evidence to support the use of those pellets, even
after their prolonged storage. This report also serves to suggest that the production
PETN pellets well in advance of demand may be a viable option for coordinating
manufacturing schedules and budgets.

If research into pellet longevity is continued in the future, improvements are
recommended mainly regarding the methods used to collect the pellet dimensions. The
pellets are small and delicate in nature, and using contact measurement methods such
as micrometers and indicator-over-base are likely to harm or entirely destroy the
pellets; it is possible that the four pellets that exhibited noticeable changes from Legacy
to Updated Tray 1 were damaged during the re-measuring process. Additional and
more informative correlations between pellet and storage conditions may be
determined if an environmental monitoring system was added to the long-term storage
areas.
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APPENDIX: MATLAB Code, Additional Figures & Tables
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clc;
close all;
clear all;

Legacy Data Import

Load the initial measurement data for: Legacy Diameter

od = xl sread(' !l egacy_od. x|l sx");

odl =[od(:,1); od(:,2); od(:,3); od(:,4)]; %arrange all data in one
col umm

% Legacy Hei ght

h = xlsread('|egacy_height.xlsx");

hi = [h(:,1); h(:,2); h(:,3); h(:,4)];

% Legacy Wi ght

w = x|l sread(' | egacy_wei ght. x|l sx');

W= w10 W, 2)5 W, 3)5 Wi, 4)];

% Legacy Density

d = x|l sread('|egacy_density.xlsx');

di = [d(:,1); d(:,2); d(:,3); d(:,4)];

% Legacy Al Data (ODxHxWkD for 200 pellets)
al = xlsread('legacy_all.xlsx");

% Tray | ndex Assignment for Clustering

tray(1:50) = {'Tray 1'};

tray(51:100) = {' Tray 2'};




tray(101: 150)
tray(151: 200)

{' Tray 3'};
{'Tray 4'};

Legacy Data Plotting

p = 1:1:50; %index for pellet position

% Pl ot Legacy Di ameter

figure(' nane','Legacy Measurenent Data')
ax1l = subplot(2,2,1);

scatter(p,od(:,1), filled")

hol d on

scatter(p,od(:,2), filled")

scatter(p,od(:,3), filled")

scatter(p,od(:,4), filled")

xlim([1 50])

ylim([2.9 3.1])

| egend(ax1,' Tray 1',' Tray 2',"Tray 3',' Tray
4' ' Location','southoutside','Oientation',"'horozontal');
title(' Legacy Dianeter')

x|l abel (" Pel |l et | ndex Number')

yl abel (" Pel l et Dianeter (nmm)')

grid on

% Pl ot Legacy Hei ght
subpl ot (2, 2, 2)
scatter(p,h(:,1), ' filled")

hol d on

scatter(p,h(:,2), ' filled")
scatter(p,h(:,3), ' filled")
scatter(p,h(:,4), ' filled")

xlim([1 50])

ylim([3.16 3.19])

% egend(' Tray 1',"Tray 2',"'Tray 3',' Tray
4" "l ocation','northeastoutside')
title(' Legacy Height")

x|l abel (" Pel | et | ndex Number')

yl abel (' Pell et Height (nmm")

grid on

% Pl ot Legacy Wi ght
subpl ot (2, 2, 3)
scatter(p,wW:,1), ' filled")

hol d on

scatter(p,wW:,2), ' filled")
scatter(p,wW:,3), ' filled")
scatter(p,wW:,4), filled)

xlim([1 50])

yl i m([0. 0360 0.0380])

% egend(' Tray 1',"Tray 2',"'Tray 3',' Tray
4" "l ocation','northeastoutside')
title(' Legacy Weight")




x| abel (" Pel |l et | ndex Nunber')

yl abel (" Pel l et Weight (g)")
grid on
% Pl ot Legacy Density

subpl ot (2, 2, 4)

scatter(p,d(:,1), ' filled")

hol d on

scatter(p,d(:,2), ' filled")

scatter(p,d(:,3), ' filled")

scatter(p,d(:,4), ' filled")

xlim([1 50])

ylim([1.6 1.7])

% egend(' Tray 1',"Tray 2',"'Tray 3',' Tray
4" "l ocation','northeastoutside')

title(' Legacy Density")

x| abel (' Pel | et
yl abel (" Pel | et

I ndex Nunber')
Density (mg/ nm{3})")

grid on
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Legacy Data 3D Scatter Plots

for i = 1:4
x(:,1) = h(:,i);
y(:.i) = w:,i);
z(:,i1) =d(:,1);

Pellet Index Number




end

figure(' nane','Legacy Height v. Weight v. Density by Tray')
scatter3(x(:,1),y(:,1),z(:,1), ' filled")

title(' Legacy Height v. Weight v. Density, Tray 1')

x| abel (" Hei ght")

yl abel (" Wi ght")

zl abel (' Density")

xlim([3.16 3.19])

ylin([0.0360 0.0380])

zlim[1.60 1.70])

| egend(' Tray 1','location','southoutside ,"orientation','horozontal')

figure(' nane','Legacy Height v. Wight v. Density, Al Pelets')
scatter3(x(:,1),y(:,1),z(:,1), ' filled")

hol d on

scatter3(x(:,2),y(:,2),z(:,2), ' filled")
scatter3(x(:,3),y(:,3),z(:,3), ' filled")
scatter3(x(:,4),y(:,4),z(:,4), ' filled")

title(' Legacy Height v. Weight v. Density, Al Pellets')
x| abel (" Hei ght")

yl abel (" Wi ght")

zl abel (' Density")

xlim([3.16 3.19])

ylinm([0.0360 0.0380])

zlim([1.60 1.70])

| egend(' Tray 1',"Tray 2','Tray 3',"'Tray

4' 'l ocation','southoutside','orientation','horozontal')
cmap = col or map;
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Legacy Data Statistics

For Legacy Diameter

odnean = nean(od);
odstd = std(od);
odnode = node(od);
odnedi an = medi an(od);
odm n = mn(od);
odmax = max(od);

% For Legacy Hei ght
hmean = nean(h);
hstd = std(h);

hnmode = node(h);
hmedi an = nedi an(h);
hmn = mn(h);

hmax = max(h);

% For Legacy Wi ght
wrean = nean(w);
wstd = std(w);
wrode = node(Ww);
wredi an = nmedi an(w) ;
Wi n m n(w ;

WX max(w) ;

% For Legacy Density
dnmean = nean(d);
dstd = std(d);

dnode = node(d);
dnedi an = medi an(d);
dmin = mn(d);

dmax = max(d);

% For Legacy Total Popul ations
odl mrean = mean(odl);

hl nrean = nmean(hl);

w mean = mean(w ) ;

dl mrean = nean(dl);

odl std = std(odl);
hlstd = std(hl);

w std = std(w);

dl std = std(dl);

odl nrode = node(odl);
hl node = node(hl);

w mode = node(w ) ;

dl nrode = node(dl);

odl medi an = nedi an(odl);
hl nedi an = medi an(hl);
w medi an = nedi an(w ) ;
dl medi an = medi an(dl);

odlmn = mn(odl);




himin = mn(hl);
wnmn =mn(w);
dimn = mn(dl);
odl max = max(odl);
hl max = max(hl);
W max = max(w);
dl max = max(dl);

% Organi ze Legacy Statistical Data by Tray

tstattablel = [{' Mean'} odnean(1) hnean(1l) wrean(1l) dnean(1);{' STD }
odstd(1) hstd(1) wstd(1l) dstd(1l);{' Mbde'} odnode(1l) hnode(1l) wnode(1l)
dnode(1); {" Medi an'} odnedi an(1) hnedian(1l) wredi an(1) dmedian(1);

{*Mn"} odmin(l) hmn(l) wrin(l) dmn(1l);{ Max'} odmax(1l) hmax(1)
wrax(1) dmax(1)];

tstattable2 = [{' Mean'} odnean(2) hnean(2) wrean(2) dnean(2);{' STD }
odstd(2) hstd(2) wstd(2) dstd(2);{' Mbde'} odnpde(2) hnode(2) wnode(2)
dnode(2); {" Medi an'} odnedi an(2) hnedi an(2) wredi an(2) dmedi an(2);

{'Mn"} odmin(2) hmn(2) wrn(2) dmn(2);{ Max'} odmax(2) hmax(2)
wrax(2) dmax(2)];

tstattable3 = [{' Mean'} odnmean(3) hnean(3) wrean(3) dnean(3);{' STD }
odstd(3) hstd(3) wstd(3) dstd(3);{' Mbde'} odnode(3) hnode(3) wnopde(3)
dnode(3); {" Medi an'} odnedi an(3) hnedi an(3) wredi an(3) dmedi an(3);

{*Mn"} odmin(3) hmn(3) wrin(3) dmn(3);{ Max'} odmax(3) hmax(3)
wrax(3) dmax(3)];

tstattabled4 = [{' Mean'} odnmean(4) hnean(4) wrean(4) dnean(4);{' STD }
odstd(4) hstd(4) wstd(4) dstd(4);{ Mbde'} odnode(4) hnode(4) wnode(4)
dnode(4);{' Medi an'} odnedi an(4) hnedi an(4) wredi an(4) dmedi an(4);

{*Mn"} odmin(4) hmn(4) wrin(4) dmn(4);{ Max'} odmax(4) hmax(4)
wrax(4) dmax(4)];

% Di splay in tables

LegacyTraylStats = cell 2tabl e(tstattabl el,’ Vari abl eNanes',
{' Paraneter',"OD mm, " Hnmi,"Wqg', D g per_cc'})
LegacyTray2Stats = cell 2tabl e(tstattabl e2,’ Vari abl eNanes' ,
{' Paraneter',"OD mm, " Hnmi,"Wqg', D g per_cc'})
LegacyTray3Stats = cell 2tabl e(tstattabl e3, Vari abl eNanes' ,
{' Paraneter',"OD mm, " Hnmi,"Wqg', D g per_cc'})
LegacyTray4Stats = cell 2tabl e(tstattabl e4,’ Vari abl eNanes' ,
{' Paraneter',"OD mm, " Hnmi,"Wqg', D g per_cc'})

% Organi ze Legacy Data by Paraneter

gstattablel = [1 odnean(1l) odstd(1l) odnode(1l) odnedian(1) odm n(1)
odmax(1); 2 odmean(2) odstd(2) odnmode(2) odnedi an(2) odmni n(2)
odmax(2); 3 odmean(3) odstd(3) odnmode(3) odnedi an(3) odni n(3)
odmax(3); 4 odmean(4) odstd(4) odnode(4) odnedi an(4) odni n(4)
odmax(4)];

gstattable2 = [1 hmean(1l) hstd(1l) hnode(1) hmedian(1l) hmin(1)
hmax(1);2 hmean(2) hstd(2) hnode(2) hmedian(2) hmn(2) hmax(2);3
hrmean(3) hstd(3) hnode(3) hmedian(3) hmin(3) hmax(3);4 hmean(4)
hstd(4) hnode(4) hmedi an(4) hmi n(4) hmax(4)];

gstattable3 = [1 wrean(1l) wstd(1l) wmde(1l) wredi an(1l) wmrin(1l)
wrax(1); 2 wrean(2) wstd(2) wrode(2) wredi an(2) wrin(2) wrax(2);3
wrean(3) wstd(3) wnmode(3) wredi an(3) wrin(3) wrax(3);4 wrean(4)
wstd(4) wrode(4) wnedi an(4) wmin(4) wrax(4)];




gstattabled4 = [1 dnmean(1l) dstd(1l) dnode(1l) dmedian(1l) dmin(1l)
dmax(1); 2 dmean(2) dstd(2) dnode(2) dnedian(2) dmin(2) dmax(2);3
dnean(3) dstd(3) dmpde(3) dredian(3) dm n(3) dnmax(3);4 dnean(4)
dstd(4) dmode(4) dmedi an(4) dmin(4) dmax(4)];

% Di splay in tables

LegacyODSt ats = array2tabl e(gstattabl el,’ Vari abl eNanes' ,

{' Tray',' CDMh_nmi , ' ODSTD_nmi , " ODMd_rmmi , ' ODMed_nmi , * ODM n_nmi , * ODVax_nmi })

LegacyHSt ats = array?2tabl e(gstattabl e2,' Vari abl eNanes' ,

{' Tray', ' HWvW_mmi ," HSTD nmi , ' HMd_nmi , ' HMed_nmm , " HM n_mm , " HVax_nmi })

LegacyWst at s = array2t abl e(gstattabl e3, " Vari abl eNanes' ,

{*Tray',"Wh_g',"WSTD g',"Wd_g',"' Wkd_g'," W n_g',"  Whx_g'})

LegacyDSt ats = array2tabl e(gstattabl e4,’ Vari abl eNanes' ,

{" Tray',' DWvh_g_per_cc',' DSTD g _per_cc',' DMd_g_per_cc',' DMed_g_per_cc',' DM n_g_per _

% Legacy Total Popul ation Val ues, Tabul at ed

pstattablel = [{' Mean'} odl mean hl mrean wl nean dl nean; {' STD } odl std
hlstd w std dl std; {' Mbde'} odl node hl nrode wl node dl node; {' Medi an' }
odl medi an hl nedi an W medi an dlnedian;{"Mn'} odlmn hilmnwmn
dlmn; {"Max'} odl max hl max w max dl max];

LegacyPopStats = cell 2t abl e(pstattabl el,’ Vari abl eNanes' ,

{' Paraneter',"OD mm, " Hmi,"Wqg', D g per_cc'})

LegacyTraylStats

6x5 tabl e
Par anet er OD_mMm H mm Wag D g_per_cc
' Mean' 3.02 3.1749 0. 037457 1. 647
' STD 4.486e- 16 0. 0039684 0. 00014147 0. 0064526
' Mbde' 3.02 3.175 0. 03745 1.6472
' Medi an' 3.02 3.175 0. 03745 1.6471
"Mn' 3.02 3.162 0.0371 1.6318
" Max' 3.02 3.184 0. 0378 1. 6667

LegacyTray2St at s

6x5 tabl e
Par anet er OD_mMm H mm Wag D g_per_cc
' Mean' 3.02 3. 1755 0. 037492 1.6482
' STD 4.486e- 16 0. 0016315 0. 00019482 0.0084176
' Mbde' 3.02 3.177 0. 03748 1. 6445
' Medi an' 3.02 3.176 0. 03748 1. 6475
"Mn' 3.02 3.172 0. 03644 1. 6028
" Max' 3.02 3.179 0.03778 1. 6604




LegacyTray3Stats

6x5 tabl e
Par anet er OD_mMm H mm Wag D g_per_cc
' Mean' 3.02 3.1759 0. 037467 1. 647
' STD 4.486e- 16 0.0017498 0. 00010624 0. 0047867
' Mbde' 3.02 3.175 0. 03745 1. 6467
' Medi an' 3.02 3.176 0. 03745 1. 646
"Mn' 3.02 3.172 0.03723 1.636
" Max' 3.02 3.18 0. 03776 1.6619

LegacyTray4St at s

6x5 tabl e
Par anet er OD_mMm H mm Wag D g_per_cc
' Mean' 3.02 3.1743 0. 037529 1. 6505
' STD 4.486e- 16 0. 0015811 8. 3467e-05 0. 0036135
' Mbde' 3.02 3.174 0. 0375 1. 6494
' Medi an' 3.02 3.174 0. 03751 1.65
"Mn' 3.02 3.17 0.03738 1. 6439
" Max' 3.02 3.177 0. 03769 1. 6578

LegacyODSt ats =

4x7 table
Tr ay CDVh_nm ODSTD_mm obvd_nm ODMVed_mm CDM n_mm
ODVBx_nmm
1 3.02 4.486e- 16 3.02 3.02 3.02
3.02
2 3.02 4.486e- 16 3.02 3.02 3.02
3.02
3 3.02 4.486e- 16 3.02 3.02 3.02
3.02
4 3.02 4.486e- 16 3.02 3.02 3.02
3.02

LegacyHStats =

4x7 table




Tr ay HVh_mm HSTD _mm HWH_mm Hved _mm HM n_mm
HVax_mm

1 3.1749 0. 0039684 3.175 3.175 3.162
3.184

2 3. 1755 0. 0016315 3. 177 3.176 3.172
3.179

3 3. 1759 0. 0017498 3.175 3.176 3.172
3.18

4 3.1743 0. 0015811 3.174 3.174 3. 17
3. 177

LegacyWst ats =

4x7 table
Tr ay Wvh_g WSTD g WW_g Wved_g VW n_g
Wvax_g
1 0. 037457 0.00014147 0. 03745 0. 03745 0.0371
0. 0378
2 0. 037492 0. 00019482 0.03748 0.03748 0. 03644
0.03778
3 0. 037467 0. 00010624 0. 03745 0. 03745 0. 03723
0. 03776
4 0. 037529 8. 3467e- 05 0. 0375 0. 03751 0.03738
0. 03769

LegacyDStats =
4x7 table

Tray DWVh_g_per_cc DSTD g_per_cc DVMd_g_per_cc
DMved_g_per_cc DM n_g_per_cc Dvax_g_per_cc

1 1. 647 0. 0064526 1.6472 1.6471
1.6318 1. 6667

2 1. 6482 0. 0084176 1. 6445 1. 6475
1.6028 1. 6604

3 1. 647 0. 0047867 1. 6467 1. 646
1. 636 1. 6619

4 1. 6505 0. 0036135 1. 6494 1.65
1. 6439 1. 6578

LegacyPopStats =
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6x5 table

Par anet er OD_mMm H mm Wag D g_per_cc
' Mean' 3.02 3.1752 0. 037486 1.6482
' STD 8. 4589e- 15 0. 0025025 0. 00013984 0. 0062162
' Mbde' 3.02 3.174 0. 03745 1. 6467
' Medi an' 3.02 3.175 0. 037475 1.6478
"Mn' 3.02 3.162 0. 03644 1. 6028
" Max' 3.02 3.184 0. 0378 1. 6667

Legacy Data Histograms

Legacy Height, default bins (10)

figure(' nanme','Legacy Hei ght Hi stograns, 10 Bins')
subpl ot (2, 2,1)

histfit(h(:,1))

title(' Legacy Height, Tray 1, 10 Bins')
x| abel (" Hei ght (mm) ")

xlim[3.16 3.19])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (2, 2, 2)

histfit(h(:,2))

title(' Legacy Height, Tray 2, 10 Bins')
x| abel (" Hei ght (mm) ")

xlim[3.16 3.19])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (2, 2, 3)

histfit(h(:,3))

title(' Legacy Height, Tray 3, 10 Bins')
x| abel (" Hei ght (mm) ")

xlim[3.16 3.19])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (2, 2, 4)

histfit(h(:,4))

title(' Legacy Height, Tray 4, 10 Bins')
x| abel (" Hei ght (mm) ")

xlim[3.16 3.19])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

% Legacy Hei ght, 2x bins (20)
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figure(' nane','Legacy Height Hi stograns,
subpl ot (2, 2, 1)

histfit(h(:,1),20)

title(' Legacy Height, Tray 1, 20 Bins')
x| abel (" Hei ght (mm) ")

xlim[3.16 3.19])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (2, 2, 2)

histfit(h(:,2),20)

title(' Legacy Height, Tray 2, 20 Bins')
x| abel (" Hei ght (mm) ")

xlim[3.16 3.19])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (2, 2, 3)

histfit(h(:,3),20)

title(' Legacy Height, Tray 3, 20 Bins')
x| abel (" Hei ght (mm) ")

xlim[3.16 3.19])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (2, 2, 4)

histfit(h(:,4),20)

title(' Legacy Height, Tray 4, 20 Bins')
x| abel (" Hei ght (mm) ")

xlim[3.16 3.19])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

% Legacy Weight, default bins (10)
figure(' nane','Legacy Wi ght Hi stograns,
subpl ot (2, 2,1)

histfit(w:,1))

title(' Legacy Weight, Tray 1, 10 Bins')
x| abel (" Wi ght (g)")

xlim([0.0362 0.0382])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (2, 2, 2)

histfit(w:,2))

title(' Legacy Weight, Tray 2, 10 Bins')
x| abel (" Wi ght (g)")

xlim([0.0362 0.0382])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (2, 2, 3)

histfit(w:,3))

20 Bins')

10 Bins')
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title(' Legacy Weight, Tray 3, 10 Bins')
x| abel (" Wi ght (g)")

xlim([0.0362 0.0382])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (2, 2, 4)

histfit(w:,4))

title(' Legacy Weight, Tray 4, 10 Bins')
x| abel (" Wi ght (g)")

xlim([0.0362 0.0382])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

% Legacy Wi ght, 2x bins (20)

figure(' nane','Legacy Wi ght Hi stograns, 20 Bins')
subpl ot (2, 2,1)

histfit(w(:,1),20)

title(' Legacy Weight, Tray 1, 20 Bins')
x| abel (" Wi ght (g)")

xlim([0.0362 0.0382])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (2, 2, 2)

histfit(w(:,2),20)

title(' Legacy Weight, Tray 2, 20 Bins')
x| abel (" Wi ght (g)")

xlim([0.0362 0.0382])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (2, 2, 3)

histfit(w(:,3),20)

title(' Legacy Weight, Tray 3, 20 Bins')
x| abel (" Wi ght (g)")

xlim([0.0362 0.0382])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (2, 2, 4)

histfit(w(:,4),20)

title(' Legacy Weight, Tray 4, 20 Bins')
x| abel (" Wi ght (g)")

xlim([0.0362 0.0382])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

% Legacy Density, default bins (10)

figure(' nane','Legacy Density Hi stograms, 10 Bins')
subpl ot (2, 2, 1)

histfit(d(:,1))
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title(' Legacy Density, Tray 1, 10 Bins')
x|l abel (" Density (g/cc)")

xlim[1l.62 1.68])

yl abel (" # of Pellets')

ylinm([0 35])

grid on

subpl ot (2, 2, 2)

histfit(d(:,2))

title(' Legacy Density, Tray 2, 10 Bins')
x|l abel (" Density (g/cc)")

xlim[1l.62 1.68])

yl abel (" # of Pellets')

ylinm([0 35])

grid on

subpl ot (2, 2, 3)

histfit(d(:,3))

title(' Legacy Density, Tray 3, 10 Bins')
x|l abel (" Density (g/cc)")

xlim[1l.62 1.68])

yl abel (" # of Pellets')

ylinm([0 35])

grid on

subpl ot (2, 2, 4)

histfit(d(:,4))

title(' Legacy Density, Tray 4, 10 Bins')
x|l abel (" Density (g/cc)")

xlim[1l.62 1.68])

yl abel (" # of Pellets')

ylinm([0 35])

grid on

% Legacy Density, 2x bins (20)

figure(' nane','Legacy Density H stograms, 20 Bins')
subpl ot (2, 2,1)

histfit(d(:,1), 20)

title(' Legacy Density, Tray 1, 20 Bins')
x|l abel (" Density (g/cc)")

xlim[1l.62 1.68])

yl abel (" # of Pellets')

ylin([0 35])

grid on

subpl ot (2, 2, 2)

histfit(d(:,2),20)

title(' Legacy Density, Tray 2, 20 Bins')
x|l abel (" Density (g/cc)")

xlim[1l.62 1.68])

yl abel (" # of Pellets')

ylin([0 35])

grid on

subpl ot (2, 2, 3)

histfit(d(:,3),20)

title(' Legacy Density, Tray 3, 20 Bins')
x|l abel (" Density (g/cc)")

xlim[1l.62 1.68])
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yl abel (" # of Pellets')
ylinm([0 35])

grid on

subpl ot (2, 2, 4)
histfit(d(:,4), 20)
title(' Legacy Density, Tray 4, 20 Bins')
x|l abel (" Density (g/cc)")
xlim([1.62 1.68])

yl abel (" # of Pellets')
ylinm([0 35])

grid on

% Legacy Total Polulation Values, default bins (10)
figure(' nane','Legacy Total Polulation Hi stograns, 10 Bins')
subpl ot (3,1, 1)

histfit(hl)

title(' Legacy Total Polul ation Height, 10 Bins')
x| abel (" Hei ght (mm) ")

xlim[3.16 3.19])

yl abel (" # of Pellets')

ylim([0 100])

grid on

subpl ot (3,1, 2)

histfit(w)

title(' Legacy Total Polul ation Wight, 10 Bins')
x| abel (" Wi ght (g)")

xlim([0.0362 0.0382])

yl abel (" # of Pellets')

ylim([0 100])

grid on

subpl ot (3,1, 3)

histfit(dl)

title(' Legacy Total Polulation Density, 10 Bins')
x|l abel (" Density (g/cc)")

xlim[1l.62 1.68])

yl abel (" # of Pellets')

ylin([0 100])
grid on

% Legacy Total Polulation Values, 2x bins (20)
figure(' nane','Legacy Total Polulation Hi stograns, 20 Bins')
subpl ot (3,1, 1)

hi stfit(hl, 20)

title(' Legacy Total Polul ation Height, 20 Bins')
x| abel (" Hei ght (nmm) ")

xlim([3.16 3.19])

yl abel (" # of Pellets')

ylin([0 100])

grid on

subpl ot (3,1, 2)

histfit(w, 20)

title(' Legacy Total Polul ation Wight, 20 Bins')
x| abel (" i ght (g)")

xlim{([0.0362 0.0382])
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yl abel (" # of Pellets')

ylim([0 100])

grid on

subpl ot (3,1, 3)

histfit(dl, 20)

title(' Legacy Total Polulation Density, 20 Bins')
x|l abel (" Density (g/cc)")

xlim[1l.62 1.68])

yl abel (" # of Pellets')

ylinm([0 100])
grid on

% Re-plot Tray 1 Parameters in one figure for report
figure(' nane','Legacy Tray 1 Hi stograns, 10 Bins')
subpl ot (3,1, 1)

histfit(h(:,1))

title(' Legacy Height, Tray 1, 10 Bins')
x| abel (" Hei ght (mm) ")

xlim[3.16 3.19])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (3,1, 2)

histfit(w:,1))

title(' Legacy Weight, Tray 1, 10 Bins')
x| abel (" Wi ght (g)")

xlim([0.0362 0.0382])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (3,1, 3)

histfit(d(:,1))

title(' Legacy Density, Tray 1, 10 Bins')
x|l abel (" Density (g/cc)")

xlim[1l.62 1.68])

yl abel (" # of Pellets')

ylinm([0 35])

grid on

figure(' nane','Legacy Tray 1 Hi stograns, 20 Bins')
subpl ot (3,1, 1)

histfit(h(:,1),20)

title(' Legacy Height, Tray 1, 20 Bins')
x| abel (" Hei ght (mm) ")

xlim[3.16 3.19])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (3,1, 2)

histfit(w(:,1),20)

title(' Legacy Weight, Tray 1, 20 Bins')
x| abel (" Wi ght (g)")

xlim([0.0362 0.0382])

yl abel (" # of Pellets')
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ylinm([0 25])

grid on

subpl ot (3, 1, 3)

histfit(d(:,1), 20)

title('Legacy Density, Tray 1, 20 Bins')
x| abel (" Density (g/cc)")

xlim([1.62 1.68])

yl abel (" # of Pellets")

ylinm([0 35])
grid on
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Legacy Weight, Tray 1, 20 Bins
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Legacy Density, Tray 1, 20 Bins
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Legacy Total Polulation Height, 20 Bins
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Legacy Height, Tray 1, 20 Bins
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Legacy Data Testing

Parameter by tray Legacy OD

[ odt 1, odpt 1, odst 1]
[ odt 2, odpt 2, odst 2]
[ odt 3, odpt 3, odst 3]
[ odt 4, odpt 4, odst 4]

chi 2gof (od(:,1));
chi 2gof (od(:, 2));
chi 2gof (od(:, 3));
chi 2gof (od(:,4));

% chi squar e test

% Legacy Hei ght
[ ht1, hpt 1, hst 1]
[ ht 2, hpt 2, hst 2]
[ ht 3, hpt 3, hst 3]
[ ht 4, hpt 4, hst 4]

% Legacy Wi ght
[w 1, wpt 1, wst 1]
[w 2, wpt 2, wst 2]
[ w3, wpt 3, wst 3]
[ w4, wpt 4, wst 4]

% Legacy Density
[dt 1, dptl,dst1]
[dt 2, dpt 2, dst 2]
[ dt 3, dpt 3, dst 3]
[ dt 4, dpt 4, dst 4]

chi 2gof (h(:
chi 2gof (h(:
chi 2gof (h(:
chi 2gof (h(:

chi 2gof (W :
chi 2gof (W :
chi 2gof (W :
chi 2gof (W :

chi 2gof (d(:
chi 2gof (d(:
chi 2gof (d(:
chi 2gof (d(:

1

)
»2)
)
,4)

)
2));

)

)




% Al'l values from Legacy Data by Paraneter

[odl 1, odl p1, odl s1] = chi 2gof (odl); % chisquare test
[hl 1, hlpl, hlsl] = chi2gof(hl);

[W1,wWpl,wisl] = chi2gof(w);

[dl 1,dl pl,dlsl] = chi2gof(dl);

odt r ayt est
odpt 4] ;
LegacyODTest Stats = cel | 2t abl e(odtraytest, ' Vari abl eNanes'
{' Hypothesis'," Trayl', ' Tray2',' Tray3',' Tray4'})

= [{'0/1'} odtl odt2 odt3 odt4;{ pvalue'} odptl odpt2 odpt3

htraytest = [{"0/1'} htl ht2 ht3 ht4;{ pvalue'} hptl hpt2 hpt3 hpt4];
LegacyHTest Stats = cel | 2t abl e(htraytest,' Vari abl eNanes'
{' Hypothesis',' Trayl', ' Tray2',' Tray3',' Tray4'})

wtraytest = [{"0/1"} w1l w2 w3 w4;{ pvalue'} wtl wpt2
LegacyWest Stats = cel | 2t abl e(w raytest, ' Vari abl eNanes'
{' Hypothesis',' Trayl', ' Tray2',' Tray3',' Tray4'})

wpt 3 wpt 4] ;

dtraytest = [{'0/1"} dt1l dt2 dt3 dt4;{ pvalue'} dptl dpt2
LegacyDTest Stats = cel | 2t abl e(dtraytest,’' Vari abl eNanes'
{' Hypothesis',' Trayl', ' Tray2',' Tray3',' Tray4'})

dpt 3 dpt4];

Poptest = [{"0/1"} odl1 hl1 w1 dl1;{" pvalue'} odlpl hlpl
LegacyPopTest Stats = cel | 2t abl e( Popt est, ' Vari abl eNanes'
{'Hypothesis',"OD ,'H,"W,'D})

w pl dl pl];

bins still counts.
may not be
bins still
may not be

bins still

Warni ng: After
The chi-square
War ni ng: After
The chi-square
War ni ng: After

pool i ng, some
appr oxi mati on
pool i ng, some
appr oxi mati on
pool i ng, some

have | ow expected
accurate
have | ow expected
accurate
have | ow expected

counts.

counts.

The chi-square
War ni ng: After
The chi-square
War ni ng: After
The chi-square

appr oxi mati on
pool i ng, some
appr oxi mati on
pool i ng, some
appr oxi mati on

LegacyODTest Stats =

2x5 table

Hypot hesi s

Trayl

Tray?2

may not be
bins still
may not be
bins still
may not be

Tray3

accurate
have | ow expected
accurate
have | ow expected
accurate

Tray4

o/ 1
' pval ue'

LegacyHTest Stats =

2x5 table

counts.

counts.
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Hypot hesi s Trayl Tray?2

Tray3

Tray4

"o/ 1 1 1
' pval ue' 7.6876e-05 3. 7256e- 05
LegacyWest Stats =
2x5 tabl e

Hypot hesi s Trayl Tray?2

1
0. 01028

Tray3

1
1. 6893e- 05

Tray4

"o/ 1 0 1
' pval ue' 0. 051421 0. 0013372
LegacyDTest Stats =
2x5 tabl e

Hypot hesi s Trayl Tray?2

0
0.69114

Tray3

0
0. 59739

Tray4

"o/ 1 1 1
' pval ue' 0. 00017105 0. 00062707
LegacyPopTest Stats =
2x5 tabl e

Hypot hesi s 0D H

0
0. 36948

0
0. 23446

"o/ 1 0 1

' pval ue' NaN 0. 0011509 0. 00071731

1

1

0. 010882

Legacy Data Machine Sorting and Dendro-

grams

Legacy Height Euclidean Dendrograms

ytesthl = pdist(h(:,1)); %tray 1
squar ef or m{yt est hl);

ztesthl = |inkage(ytesthl);
ytesth2 = pdist(h(:,2)); %tray 2
squar ef or n{ yt est h2) ;

ztesth2 = |linkage(ytesth2);
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ytesth3 = pdist(h(:,3)); %tray 3

squar ef or n{ yt est h3) ;

ztesth3 = |linkage(ytesth3);

ytesthd = pdist(h(:,4)); %tray 4

squar ef or n{yt est h4) ;

ztesth4 = |inkage(ytesthd);

ytestht = pdist(hl(:,1)); %total population
squareforn(ytestht);

ztestht = linkage(ytestht);

figure ('nane',’' Legacy Hei ght Euclidean Dendrograns by Tray')
subpl ot (2, 2, 1)

dendr ogr an{ zt est h1, 0)

title(' Legacy Height, Tray 1, Euclidean')
x|l abel (" Pel |l et | ndex Number')

yl abel (' Height Difference (nm")
set(gca, ' xtick',[])

subpl ot (2, 2, 2)

dendr ogr an{ zt est h2, 0)

title(' Legacy Height, Tray 2, Euclidean')
x|l abel (" Pel |l et | ndex Number')

yl abel (' Height Difference (nm")
set(gca, ' xtick',[])

subpl ot (2, 2, 3)

dendr ogr an{ zt est h3, 0)

title(' Legacy Height, Tray 3, Euclidean')
x|l abel (" Pel |l et | ndex Number')

yl abel (' Height Difference (nm")
set(gca, ' xtick',[])

subpl ot (2, 2, 4)

dendr ogr an{ zt est h4, 0)

title(' Legacy Height, Tray 4, Euclidean')
x|l abel (" Pel |l et | ndex Number')

yl abel (' Height Difference (nm")
set(gca, ' xtick',[])

figure ('nane','Legacy Hei ght Euclidean Dendrograns, Al Pellets')
dendr ogr an{ zt est ht, 0)

title(' Legacy Height, Al Pellets, Euclidean')

x|l abel (" Pel | et | ndex Number')

yl abel (' Height Difference (nm")

set(gca, ' xtick',[])

% Legacy Hei ght Citybl ock Dendrograns

ytesthlcb = pdist(h(:,1), cityblock'); %tray 1
squar ef or m(yt est hlcbh);

ztesthlcb = |inkage(ytesthlch, ' average');
ytesth2cb = pdist(h(:,2), cityblock'); %tray 2
squar ef or m( yt est h2cb) ;

ztesth2cb = |inkage(ytesth2cb, ' average');
ytesth3cb = pdist(h(:,3), cityblock'); %tray 3
squar ef or m( yt est h3cbh) ;

ztesth3cb = |inkage(ytesth3ch, '  average');
ytesth4dcb = pdist(h(:,4), cityblock'); %tray 4
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squar ef or m( yt est h4cb) ;
ztesth4cb = |inkage(ytesth4cb, ' average');

ytesthtcb = pdist(hl(:,1), cityblock'); %tota

squar ef or m( yt est ht cb) ;
ztesthtcb = |inkage(ytesthtch, ' average');

popul ati on

figure ('nane',’' Legacy Hei ght Citybl ock Dendrograns by Tray')

subpl ot (2, 2, 1)

dendr ogr an{ zt est hlch, 0)

title(' Legacy Height, Tray 1, Ctyblock')
x|l abel (" Pel |l et | ndex Number')

yl abel (' Height Difference (nm")
set(gca, ' xtick',[])

subpl ot (2, 2, 2)

dendr ogr an{ zt est h2ch, 0)

title(' Legacy Height, Tray 2, Ctyblock')
x|l abel (" Pel |l et | ndex Number')

yl abel (' Height Difference (nm")
set(gca, ' xtick',[])

subpl ot (2, 2, 3)

dendr ogr an{ zt est h3ch, 0)

title(' Legacy Height, Tray 3, Ctyblock')
x|l abel (" Pel |l et | ndex Number')

yl abel (' Height Difference (nm")
set(gca, ' xtick',[])

subpl ot (2, 2, 4)

dendr ogr an( zt est h4ch, 0)

title(' Legacy Height, Tray 4, Ctyblock')
x|l abel (" Pel |l et | ndex Number')

yl abel (' Height Difference (nm")
set(gca, ' xtick',[])

figure ('nane','Legacy Height Citybl ock Dendrograns, Al

dendr ogr an{ zt est ht cb, 0)

title(' Legacy Height, Al Pellets, Ctyblock')

x|l abel (" Pel |l et | ndex Number')
yl abel (' Height Difference (nm")
set(gca, ' xtick',[])

% Legacy Weight Euclidean Dendrograns
ytestwl = pdist(w(:,1)); %tray 1
squar ef or n{yt estwl) ;

ztestwl = |inkage(ytestwl);

ytestw2 = pdist(w(:,2)); %tray 2

squar ef or n{ yt est w2) ;

ztestw2 = |linkage(ytestw?2);

ytestw3 = pdist(w(:,3)); %tray 3

squar ef or n{ yt est w3) ;

ztestw3d = |inkage(ytestwd);

ytestw4d = pdist(w:,4)); %tray 4
squar ef or n{yt est w4) ;

ztestwd = |inkage(ytestwd);

ytestwt = pdist(wl (:,1)); %total population
squareforn(ytestw);

Pel l ets')
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ztestwt = |linkage(ytestw);

figure ('nane','Legacy Wi ght
subpl ot (2, 2, 1)

dendr ogr an{ zt est wil, 0)

title(' Legacy Weight, Tray 1,
x|l abel (" Pel |l et | ndex Number')

yl abel (" Wi ght Difference (0)

set(gca, ' xtick',[])
subpl ot (2, 2, 2)

dendr ogr an{ zt est w2, 0)

title(' Legacy Weight, Tray 2,
x|l abel (" Pel |l et | ndex Number')

yl abel (" Wi ght Difference (0)

set(gca, ' xtick',[])
subpl ot (2, 2, 3)

dendr ogr an{ zt est w3, 0)

title(' Legacy Weight, Tray 3,
x|l abel (" Pel |l et | ndex Number')

yl abel (" Wi ght Difference (0)

set(gca, ' xtick',[])
subpl ot (2, 2, 4)

dendr ogr an{ zt est w4, 0)

title(' Legacy Weight, Tray 4,
x|l abel (" Pel |l et | ndex Number')

yl abel (" Wi ght Difference (0)

set(gca, ' xtick',[])

figure ('nane','Legacy Wi ght
dendr ogr an{ zt est wt , 0)

Eucl i dean

Eucl i dean’
)
Eucl i dean’
)
Eucl i dean’
)
Eucl i dean’
)
Eucl i dean

Dendr ogramnms by Tray')

Dendrogram All Pellets')

title(' Legacy Weight, Al Pellets, Euclidean')
x|l abel (" Pel |l et | ndex Number')

yl abel (" Wi ght Difference (g)')
set(gca, ' xtick',[])

% Legacy Wi ght Citybl ock Dendrograns

ytestwlcb = pdist(w(:,1), cityblock'); %tray 1
squar ef or m( yt est wich) ;

ztestwlchb = |inkage(ytestwlch, ' average');
ytestw2cb = pdist(w(:,2), cityblock'); %tray 2
squar ef or m( yt est w2ch) ;

ztestw2chb = |inkage(ytestw2ch, ' average');
ytestw3cb = pdist(w(:,3), cityblock'); %tray 3
squar ef or m( yt est w3ch) ;

ztestw3chb = |inkage(ytestw3ch, ' average');
ytestwdcb = pdist(w(:,4), cityblock'); %tray 4
squar ef or m( yt est widch) ;

ztestwdcb = |inkage(ytestwdch, ' average')

ytestwtcb = pdist(w (:,1)," cityblock');

squar ef or m( yt est wt cb) ;

% total popul ation

ztestwtcb = |inkage(ytestwtch, average');

figure ('nane',’' Legacy Weight Citybl ock Dendrograns by Tray')

subpl ot (2, 2, 1)
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dendr ogr an{ zt est wilch, 0)

title(' Legacy Weight, Tray 1, Ctyblock')
x|l abel (" Pel |l et | ndex Number')

yl abel (" Wi ght Difference (g)')
set(gca, ' xtick',[])

subpl ot (2, 2, 2)

dendr ogr an{ zt est w2ch, 0)

title(' Legacy Weight, Tray 2, Cityblock')
x|l abel (" Pel |l et | ndex Number')

yl abel (" Wi ght Difference (g)')
set(gca, ' xtick',[])

subpl ot (2, 2, 3)

dendr ogr an( zt est w3ch, 0)

title(' Legacy Weight, Tray 3, Cityblock')
x|l abel (" Pel |l et | ndex Number')

yl abel (" Wi ght Difference (g)')
set(gca, ' xtick',[])

subpl ot (2, 2, 4)

dendr ogr an( zt est w4ch, 0)

title(' Legacy Weight, Tray 4, Ctyblock')
x|l abel (" Pel |l et | ndex Number')

yl abel (" Wi ght Difference (g)')
set(gca, ' xtick',[])

figure ('nane',’' Legacy Weight Citybl ock Dendrogram Al Pellets')
dendr ogr an( zt est wt cb, 0)

title(' Legacy Weight, Al Pellets, Ctyblock')

x|l abel (" Pel |l et | ndex Number')

yl abel (" Wi ght Difference (g)')

set(gca, ' xtick',[])

% Legacy Density Euclidean Dendrograns
ytestdl = pdist(d(:,1)); %tray 1
squar ef or m{yt estdl);

ztestdl = |linkage(ytestdl);

ytestd2 = pdist(d(:,2)); %tray 2
squar ef or n{ yt est d2) ;

ztestd2 = |linkage(ytestd2);

ytestd3 = pdist(d(:,3)); %tray 3
squar ef or n{ yt est d3) ;

ztestd3 = |linkage(ytestd3);

ytestd4 = pdist(d(:,4)); %tray 4
squar ef or n{yt est d4) ;

ztestd4 = |inkage(ytestd4);

ytestdt = pdist(dl(:,1)); %total population
squareforn(ytestdt);

ztestdt = linkage(ytestdt);

figure ('nane','Legacy Density Euclidean Dendrograns by Tray')
subpl ot (2, 2, 1)

dendr ogr an{ zt est d1, 0)

title(' Legacy Density, Tray 1, Euclidean')

x|l abel (" Pel | et | ndex Number')

yl abel (' Density Difference (g/cc)')
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set(gca, ' xtick',[])

subpl ot (2, 2, 2)

dendr ogr an{ zt est d2, 0)

title(' Legacy Density, Tray 2, Euclidean')
x|l abel (" Pel |l et | ndex Number')

yl abel (' Density Difference (g/cc)')
set(gca, ' xtick',[])

subpl ot (2, 2, 3)

dendr ogr an{ zt est d3, 0)

title(' Legacy Density, Tray 3, Euclidean')
x|l abel (" Pel |l et | ndex Number')

yl abel (' Density Difference (g/cc)')
set(gca, ' xtick',[])

subpl ot (2, 2, 4)

dendr ogr an{ zt est d4, 0)

title(' Legacy Density, Tray 4, Euclidean')
x|l abel (" Pel |l et | ndex Number')

yl abel (' Density Difference (g/cc)')
set(gca, ' xtick',[])

figure ('nane','Legacy Density Euclidean Dendrogram All Pellets')
dendr ogr an{ zt est dt, 0)

title(' Legacy Density, Al Pellets, Euclidean')

x|l abel (" Pel |l et | ndex Number')

yl abel (' Density Difference (g/cc)')

set(gca, ' xtick',[])

% Legacy Density Citybl ock Dendrograns
ytestdlcb = pdist(d(:,1), cityblock'); %tray 1
squar ef orm(yt est dlcbh);

ztestdlcb = |inkage(ytestdlch, ' average');
ytestd2cb = pdist(d(:,2), cityblock'); %tray 2
squar ef or m( yt est d2cb) ;

ztestd2cb = |inkage(ytestd2ch, ' average');
ytestd3cb = pdist(d(:,3), cityblock'); %tray 3
squar ef or m( yt est d3cbh) ;

ztestd3cb = |inkage(ytestd3ch, ' average');
ytestd4cb = pdist(d(:,4), cityblock'); %tray 4
squar ef or m( yt est d4cb) ;

ztestd4cb = |inkage(ytestd4ch, ' average');
ytestdtcb = pdist(dl(:,1), cityblock'); %total popul ation
squar ef or m( yt est dt cb) ;

ztestdtcb = |inkage(ytestdtch, ' average');

figure ('nane','Legacy Density Ci tybl ock Dendrograns by Tray')
subpl ot (2, 2, 1)

dendr ogr an{ zt est d1ch, 0)

title(' Legacy Density, Tray 1, Cityblock')

x|l abel (' Pel | et | ndex Number')

yl abel (' Density Difference (g/cc)')

set(gca, ' xtick',[])

subpl ot (2, 2, 2)

dendr ogr an( zt est d2ch, 0)

title(' Legacy Density, Tray 2, Cityblock')
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x| abel (" Pel |l et | ndex Nunber')

yl abel (' Density Difference (g/cc)")

set (gca, 'xtick',[])

subpl ot (2, 2, 3)

dendr ogr an( zt est d3cb, 0)

title('Legacy Density, Tray 3, Ctyblock')
x| abel (" Pel |l et | ndex Nunber')

yl abel (' Density Difference (g/cc)")

set (gca, 'xtick',[])

subpl ot (2, 2, 4)

dendr ogr an( zt est d4cb, 0)

title('Legacy Density, Tray 4, Ctyblock')
x| abel (" Pel |l et | ndex Nunber')

yl abel (' Density Difference (g/cc)")

set (gca, 'xtick',[])

figure ('nane',' Legacy Density C tybl ock Dendrogram All Pellets')
dendr ogr an( zt est dt cb, 0)

title('Legacy Density, Al Pellets, G tyblock")

x| abel (" Pel |l et | ndex Nunber')

yl abel (' Density Difference (g/cc)")

set (gca, 'xtick',[])

% Legacy Tray 1 Al Paraneters, Euclidian
ytestal 1 = pdist(al (1:50,:));
squareformytestal 1);

ztestal 1l = | inkage(ytestal 1);

figure ('nane','Legacy Euclidean Dendrograns, Tray 1, Al Paraneters')
dendr ogram(ztestal 1, 0)

title('Legacy Tray 1, Al Paraneters, Euclidean')

x| abel (" Pel |l et | ndex Nunber')

yl abel (' Di fference')

set (gca, 'xtick',[])

figure(' name','Legacy Tray 1, Al Paranmeters, Euclidean, C ose View)
dendr ogram(ztestal 1, 0)

title('Legacy Tray 1, Al Paraneter, Euclidean')

x| abel (" Pel |l et | ndex Nunber')

yl abel (' Difference (unitless)")

x| im0 15])
ylim([0 0.0025])

% Legacy Tray 1 Al Paraneters, Citybl ock
ytestal 1cb = pdist(al (1:50,:)," ' cityblock');
squar ef orn{ytestal 1ch);

ztestal 1cb = linkage(ytestal 1cb,"' average');

figure ('nane','Legacy Citybl ock Dendrogranms, Tray 1, Al Paraneters')
dendr ogr an( zt est al 1ch, 0)

title('Legacy Tray 1, Al Paraneters, Cityblock')

x| abel (" Pel |l et | ndex Nunber')

yl abel (' Di fference')

set (gca, 'xtick',[])
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% Legacy Euclidean Dendrograns
ytestal = pdist(al);
squareforn{ytestal);

ztestal = linkage(ytestal);

figure ('nane','Legacy Euclidean Dendrograns, Al Pellets, All
Paraneters')

dendr ogr am( zt est al , 0)

title('Legacy Al Pellets, Al Paraneters, Euclidean')

x| abel (" Pel |l et | ndex Nunber')

yl abel (' Di fference')

set (gca, 'xtick',[])

% Legacy Citybl ock Dendrograns

ytestal cb = pdist(al,"'cityblock');

squar eform(ytestal cb);

ztestalcb = |inkage(ytestalch, ' average');

figure ('nane','Legacy Citybl ock Dendrograns, All Pellets, All
Paraneters')

dendr ogr an( zt est al cb, 0)

title('Legacy Al Pellets, Al Paraneters, Ctyblock')

x| abel (" Pel |l et | ndex Nunber')

yl abel (' Di fference')

set (gca, 'xtick',[])
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Legacy Data Cophenetic Distances and Incon-
sistency Coefficients

Euclidean Cophenetic Distances, Height

chle = cophenet (ztesthl, ytesthl);
ch2e = cophenet (ztest h2, ytesth2);
ch3e = cophenet (zt est h3, ytest h3);
ch4e = cophenet (zt est h4, yt est h4);
chte = cophenet (ztestht,ytestht);

challe = [chle ch2e ch3e chde chte];
% Ci tybl ock Cophenetic Di stances, Height

chlcb = cophenet (ztesthlch, ytesthlch);
ch2cb = cophenet (zt est h2ch, yt est h2ch) ;
ch3cb = cophenet (zt est h3cb, yt est h3ch);
ch4cb = cophenet (zt est h4cb, yt est h4ch);
chtcb = cophenet (zt est ht cb, yt est htcb);

chall cb = [chlcb ch2cb ch3cb ch4cb chtcb];
% Maxi mum | nconsi stency Coefficient, using Citybl occk, Height

i hlcb = inconsistent(ztesthlch);
i hlcbmax = max(ihlcb(:,4));
i h2cb = inconsistent (ztesth2ch);
i h2cbmax = max(ih2cb(:,4));
i h3cb = inconsistent(ztesth3ch);
i h3cbmax = max(ih3cb(:,4));
i hdcb = inconsistent (ztesthdch);
i hdcbmax = max(ih4cb(:,4));
i htcb = inconsistent(ztesthtch);

i ht cbmax = max(ihtcb(:,4));
i hmaxal |l cb = [i hlcbmax ih2cbnmax i h3cbmax i h4cbmax i ht cbmax];

% Eucl i dean Cophenetic Di stances, Wi ght

cwle = cophenet (ztestwl, ytestwl);
cw2e = cophenet (zt est w2, yt est w2) ;
cw3e = cophenet (zt est w3, yt est w3) ;
cwie = cophenet (ztestw4, yt est w4) ;
cw e = cophenet (ztestwt,ytestw);

cwal l e = [cwle cw2e cw3e cwde cw e];
% Ci tybl ock Cophenetic Di stances, Wi ght

cwlcb = cophenet (zt estwlch, yt est wlch);
cw2cb = cophenet (zt est w2ch, yt est w2ch) ;
cw3cb = cophenet (zt est w3ch, yt est w3ch) ;
cwicb = cophenet (zt est wich, yt est w4ch) ;
cwt cb = cophenet (zt estw cb, yt est w cb);

cwal l cb = [cwlcb cw2cb cw3cb cwdcb cwt cb];

% Maxi mum | nconsi stency Coefficient, using Cityblocck, Wi ght
iwlcb = inconsistent(ztestwlch);

i wlcbmax = max(iwlcbh(:,4));

i w2cb = inconsistent(ztestw2ch);

i w2cbmax = max(iw2cb(:,4));

i w3cb = inconsistent(ztestw3ch);

i w3cbmax = max(iw3ch(:,4));
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iwicb = inconsistent(ztestwdch);

i wAcbmax = max(iwdcb(:,4));

iwch = inconsistent(ztestwch);

iwtcbmax = max(iwcbh(:,4));

i wmaxal |l cb = [iwlcbmax iw2cbmax i w3cbmax i wAcbmax i wt cbmax];

% Eucl i dean Cophenetic Di stances, Density

cdle = cophenet (ztestdl, ytestdl);
cd2e = cophenet (ztestd2, ytestd2);
cd3e = cophenet (ztestd3, ytestd3);
cd4e = cophenet (ztestd4, ytestd4);
cdte = cophenet (ztestdt, ytestdt);

cdall e = [cdle cd2e cd3e cd4e cdte];
% Ci tybl ock Cophenetic Di stances, Density

cdlcb = cophenet (ztestdlch, ytestdlch);
cd2cb = cophenet (zt est d2cb, yt est d2chb);
cd3cb = cophenet (zt est d3cb, yt est d3ch);
cd4cb = cophenet (zt est d4cb, yt est d4ch);
cdtcb = cophenet (ztestdtch, ytestdtch);

cdall cb = [cdlcb cd2cb cd3cb cd4cb cdtchb];
% Maxi mum | nconsi stency Coefficient, using Ctyblocck, Density

i dlcb = inconsistent(ztestdlch);
i dlcbmax = max(idlcb(:,4));
i d2cb = inconsistent (ztestd2ch);
i d2cbmax = max(id2cb(:,4));
i d3cb = inconsistent (ztestd3ch);
i d3cbmax = max(id3ch(:,4));
i d4cb = inconsistent(ztestd4ch);
i ddcbmax = max(id4cb(:,4));
idtcb = inconsistent(ztestdtch);

i dtcbmax = max(idtcb(:,4));
i dmaxal |l cb = [idlcbmax id2cbnmax i d3cbmax id4cbmax idtcbmax];

% Eucl i dean Cophenetic Di stances, Al Paraneters
cal 1e = cophenet(ztestal 1,ytestall); % Tray 1
cal e = cophenet (ztestal ,ytestal); %Al Pellets

% Ci tybl ock Cophenetic Distances, Al Paraneters
cal 1cb = cophenet (ztestal 1cb, ytestal 1cbh);
cal cb = cophenet (ztestal cb, ytestal cb);

% Maxi mum | nconsi stency Coefficient, using Cityblocck, Al Paraneters

ial le = inconsistent(ztestal 1);

i al lemax = max(ial le(:,4));

i al 1cb = inconsistent(ztestal 1cbh);
i al lcbmax = max(ial 1cb(:,4));

iale = inconsistent(ztestal);
ialemax = max(iale(:,4));

ialcb = inconsistent(ztestal chb);

i

al cbmax = max(ialcbh(:,4));

% Tabul ate Results (5 is Legacy Popul ati on)
copstattable2 = [1 chle chlcb i hlcbmax cwle cwlcb iwlcbmax cdle
cdlcb idlcbmax;2 ch2e ch2cb i h2cbmax cw2e cw2cb i w2cbmax cd2e
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cd2cb id2cbmax; 3 ch3e ch3cb i h3cbmax cw3e cw3cb i w3cbmax cd3e
cd3cb id3cbmax; 4 chd4e ch4cb i hdcbmax cwde cwdcb i wAcbmax cd4e
cd4cb id4cbmax;5 chte chtcb i htcbmax cwte cwtcb i wcbmax cdte cdtcb
i dt cbmax];
LegacySort Stats = array2tabl e(copstattabl e2,’ Vari abl eNanes'’
{' Tray',' HCDE',"' HCDCB' ,' H C ,"' WCDE' ,' WCDCB' ,' WC , ' DCDE' , ' DCDCB', "' DI C })
copstattabl e2al = [1 cal 1e cal 1cb ial 1emax ial 1cbmax;5 cal e cal cb
i al emax i al cbmax];
LegacyAl | ParaStats = array2tabl e(copstattabl e2al, ' Vari abl eNanes'’
{' Tray',' APCDE',' APCDCB',"' APICE',' APICCB'})

LegacySort Stats =

5x10 table
Tr ay HCDE HCDCB H C WCDE WCDCB WC
DCDE DCDCB D C
1 0. 93743 0. 94557 1. 1547 0. 81668 0. 79689
1. 1547 0. 8436 0. 84029 1. 1547
2 0. 59532 0. 78111 1. 1547 0.90152 0. 95006
1. 1547 0. 88467 0. 95036 1.1514
3 0. 54903 0. 74655 1. 1547 0. 73311 0.792
1. 1547 0. 81439 0. 80456 1.148
4 0. 77063 0. 8572 1. 1547 0. 64288 0. 70384
1. 1547 0.67874 0. 75449 1. 1547
5 0. 87666 0.90168 1. 1547 0. 75019 0. 88367
1. 1547 0.72992 0. 8686 1. 1547

LegacyAl | ParaStats =

2x5 table
Tray APCDE APCDCB API CE API CCB
1 0.76342 0. 8799 1. 1547 1. 1547
5 0. 76597 0. 87306 1. 1547 1. 1547

Legacy Data Machine Clustering

Cluster by Parameter based on 'maxcluster' matching number of trays

tray = tray(1:200);

th = cluster(ztesthtch,' nmaxclust', 4);

LegacyHei ght Sort = crosstab(th,tray)

cutof f1 = medi an([ ztesthtcb(end-2,3) ztesthtcb(end-1,3)]);
figure(' nane',"' Sorted Hei ght Dendrogram)

dendr ogr an{ zt est ht cb, 0, ' Col or Threshol d', cut of f 1)
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title(' Legacy Height, 4 Cluster, Cityblock')
x|l abel (" Pel |l et | ndex Number')

yl abel (' Height Difference (nm")
set(gca, ' xtick',[])

tw = cluster(ztestwch, ' nmaxclust', 4);

LegacyWei ght Sort = crosstab(tw, tray)

cutof f2 = medi an([ zt estwt cb(end-2,3) ztestwtch(end-1,3)]);
figure(' nane',' Sorted Wei ght Dendrogram )

dendr ogr an{ zt est wt cb, 0, ' Col or Threshol d', cut of f 2)

title(' Legacy Weight, 4 Cluster, Cityblock')

x|l abel (" Pel |l et | ndex Number')

yl abel (" Wi ght Difference (g)')

set(gca, ' xtick',[])

td = cluster(ztestdtch, ' nmaxclust', 4);

LegacyDensitySort = crosstab(td,tray)

cutof f3 = medi an([ zt estdtcb(end-2,3) ztestdtcb(end-1,3)]);
figure('nane',' Sorted Density Dendrograni)

dendr ogr an{ zt est dt cb, 0, ' Col or Threshol d', cut of f 3)

title(' Legacy Density, 4 Cluster, Cityblock')

x|l abel (" Pel |l et | ndex Number')

yl abel (' Density Difference (g/cc)')

set(gca, ' xtick',[])

% Pl ot Legacy Al Pellet Al Paranmeter by i for report

tali = cluster(ztestalch, cutoff',1.115);
LegacyAl | ParaSorti = crosstab(tali,tray)
cutoffali = nean(ztestal cb(end-10, 3));

figure('nanme'," Sorted Al Parameter Dendrogram by i')

dendr ogran{ zt est al cb, 0, " Col or Threshol d', cutoffal i)

title(' Legacy All Paraneter, 4 Cluster, Cityblock, sorted to i")
x|l abel (" Pel |l et | ndex Number')

yl abel (' Difference (unitless)")

set(gca, ' xtick',[])

% Pl ot Legacy Al Pellet Al Paraneter Max C uster

tal = cluster(ztestal cb,’ maxclust', 4);
LegacyAl | ParaSort = crosstab(tal,tray)
cutoffal = ztestal cb(end-3, 3);

figure('nane',' Sorted Al Paraneter Dendrogramn)
dendr ogr an{ zt est al cb, 0, ' Col or Threshol d', cut of fal)
title(' Legacy Al Paraneter, 4 Cluster, Ctyblock")
x|l abel (' Pel | et | ndex Number')

yl abel (' Difference (unitless)")

set(gca, ' xtick',[])

% Di splay Clustered Results

figure(' nane','Legacy Height vs. Wight vs. Density, Al Pellets, 4
Cluster')

map =[100; 0.25 0.75 0.25; 00 1; 0.75 0 0.75];

col or map( map)

scatter3(hl,w ,hdl,10,tal, ' filled")

x| abel (" Hei ght (mm) ")
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yl abel (" Wi ght (g)')

zl abel (' Density (g/cc)')

xlim[3.16 3.19])

ylim([0. 0360 0.0380])

zlinm([1.60 1.70])

title(' Legacy Measurenents, 4 Cluster, Cityblock')
grid on

LegacyHei ght Sort

0 0 1 0
4 0 0 0
43 50 49 50
3 0 0 0

8 1 3 0
40 43 46 50
2 5 1 0
0 1 0 0

LegacyDensitySort =

1 0 0 0
5 11 5 12
44 38 45 38
0 1 0 0

LegacyAl | ParaSorti =
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Updated Data Import

%Jpdat ed Quter Di aneter

odu = xl sread(' updat ed_od. xl sx");

odlu = [od(:,1); od(:,2); od(:,3); od(:,4); odu(:,1)];

% Updat ed Hei ght

hu = x|l sread(' updat ed_hei ght. x|l sx");

hlu =1[h(:,1); h(:,2); h(:,3); h(:,4); hu(:,1)];

% Updat ed Wi ght

wu = x| sread(' updat ed_wei ght. x| sx");

wu = [wW:,1); Wm:,2); W:,3); W:,4); w(:,1)];

% Updat ed Density

du = x|l sread(' updat ed_density.xlsx");

dlu = [d(:,1); d(:,2); d(:,3); d(:,4); du(:,1)];

% Updated All Parameters (ODxHxWkD for Legacy + Updated Tray 1)
alu = xlsread(' updated_all.xlsx");

% Tray | ndex Assignment for Clustering (add to original index)
tray(201:250) = {'Tray 1 - Updated'};

Updated Data Plotting

% Pl ot Legacy Quter Dianeter (Conpare to Legacy Tray 1 Data)
figure(' nane','Updated Measurement Data and Legacy Data, Tray 1')
ax2 = subplot(2,2,1);

scatter(p,od(:,1), filled")

xlim([1 50])

ylim[2.9 3.1])
hol d on

scatter(p,odu(:,1), g ,"filled")

| egend(ax2,' Legacy Tray 1',' Updated Tray
1',"location','southoutside', 'orientation','horozontal')

title(' Updated Quter Dianeter and Legacy Quter Dianeter, Tray 1')

x|l abel (" Pel |l et | ndex Number')

yl abel (" Pel l et Dianeter (nmm)')

grid on

% Pl ot Updat ed Hei ght

subpl ot (2, 2, 2)

scatter(p,h(:,1), ' filled")

hol d on

scatter(p,hu(:,1),"'g", ' filled")

xlim([1 50])

ylim([3.16 3.19])

% egend(' Updated Tray 1','Legacy Tray
1','location', ' northeastoutside)

title(' Updated Hei ght and Legacy Height, Tray 1')

x|l abel (' Pel | et | ndex Number')

yl abel (" Pel l et Height (mm)")

grid on

% Pl ot Updat ed Wi ght
subpl ot (2, 2, 3)
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scatter(p,w(:,1), ' filled")
hol d on

scatter(p,wu(:,1),'g , 'filled)

xlim([1 50])
yl i m([0.0360 0.0380])

% egend(' Updated Tray 1','Legacy Tray

1','location','northeastoutside)
title(' Updated Wi ght and Legacy Wi ght,

x| abel (' Pel | et
yl abel (" Pel | et Wi ght
grid on

I ndex Nunber')
(9)")

% Pl ot Legacy Density
subpl ot (2, 2, 4)
scatter(p,d(:,1), ' filled")
hol d on

scatter(p,du(:,1),'g" , 'filled")

xlim[1 50])
ylim[1.6 1.7])

% egend(' Updated Tray 1','Legacy Tray
1','location','northeastoutside)

title('Legacy Density and Legacy Density,

x| abel (' Pel | et
yl abel (" Pel | et
grid on

I ndex Nunber')

Density (mg/ mm{3})")

Tray 1')

Tray 1')
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Updated Data 3D Scatter Plot

Updated datafrom Tray 1 compared to legacy data

figure(' nane','Updated and Legacy Height v. Wight v. Density, Tray
1)

scatter3(h(:,1),w(:,1),d(:,21), ' filled")

hol d on

scatter3(hu(:,1),wu(:,1),du(:,1),"g", ' filled")

title(' Updated and Legacy Hei ght v. Wight v. Density, Tray 1')

x| abel (" Hei ght"')

yl abel (" Wi ght")

zl abel (' Density")

xlim([3.16 3.19])

ylim{[0.0360 0.0380])

zlim[1.60 1.70])

| egend(' Legacy Tray 1','Updated Tray

1',"location','southoutside','orientation','horozontal"')

grid on

figure(' nane','Updated and Legacy Height v. Wight v. Density, Al
Pel ets')

scatter3(x(:,1),y(:,1),z(:,1), ' filled")

hol d on

scatter3(x(:,2),y(:,2),z(:,2), ' filled")
scatter3(x(:,3),vy(:,3),z(:,3), ' filled")
scatter3(x(:,4),y(:,4),z(:,4), filled")
scatter3(hu(:,1),wu(:,1),du(:,1)," g, ' filled")
title(' Updated and Legacy Hei ght v. Weight v. Density, Al Pellets')
x| abel (' Hei ght"')
yl abel (" Wi ght")
zl abel (' Density")
xlim([3.16 3.19])
ylim{[0.0360 0.0380])
zlim[1.60 1.70])
| egend(' Legacy Tray 1','lLegacy Tray 2','Legacy
Tray 3','Legacy Tray 4','Updated Tray
1',"location','southoutside','orientation','horozontal')
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Updated and Legacy Height v. Weight v. Density, Tray 1
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Updated Data Statistics

For Updated Outer Diameter

odnmeanu = mean(odu) ;
odstdu = std(odu);
odnodeu = node(odu);
odnedi anu = nedi an( odu) ;
odm nu = m n(odu);
odmaxu max( odu) ;

% For Updat ed Hei ght
hmeanu = nean( hu);
hstdu = std(hu);
hnmodeu = node( hu);
hrmedi anu = medi an( hu) ;
hm nu = m n(hu);

hmaxu = max(hu);

% For Updated Wei ght
wreanu = mean(wu) ;
wstdu = std(wu);
wrodeu = node(wu) ;
wredi anu = nedi an(wu) ;
wr nu = m n(wu);

wmaxu max(wu) ;

% For Updated Density
dnmeanu = nean(du);
dstdu = std(du);
dnodeu = node(du);
dnedi anu = medi an(du);
dm nu = mn(du);

dmaxu = max(du);

% For Updated Total Popul ations (Legacy Tray 1-4 + Updated Tray 1)
odl meanu = mean(odl u);

hl nreanu = nean(hl u);
w meanu = mean(w u);
dl meanu = mean(dl u);
odl stdu = std(odlu);
hl stdu = std(hlu);

W stdu = std(w u);

dl stdu = std(dlu);

odl nrodeu = node(odl u);
hl nrodeu = node(hl u);
w nmodeu = node(w u);

dl rodeu = node(dl u);
odl medi anu = medi an( odl u) ;

hl nedi anu = medi an(hl u) ;
w medi anu = nedi an(w u) ;
dl medi anu = nedi an(dl u);

odl minu = m n(odlu);
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hl mi nu = m n(hlu);
wWmnu = mn(wu);
dlmnu = mn(dlu);
odl maxu = max(odl u);
hl maxu = max(hl u);
wW maxu = max(w u);
dl maxu = max(dl u);

% Organi ze Updated Statistical Data for Tray 1

tstattablelu = [{' Mean'} odneanu(l) hneanu(1l) wreanu(1l) dmeanu(1l);

{'STD'} odstdu(l) hstdu(l) wstdu(1l) dstdu(l1);{' Mode'} odnpdeu(1)
hnmodeu(1) wrodeu(1l) dnmodeu(1);{' Median'} odmedi anu(1l) hmedi anu(1)
wredi anu( 1) dnedianu(l);{'Mn'} odm nu(l) hm nu(l1l) wmnu(l) dm nu(l);

{"Max' } odmaxu(1l) hmaxu(1l) wraxu(l) dmaxu(1)];

% Display in table
Updat edTraylStats = cell 2tabl e(tstattabl elu, ' Vari abl eNanes' ,
{' Parameter','OD_mi,'H mi,'Wg',' D g_per_cc'})

% Organi ze Updated Data by Paranmeter (6 is Updated Tray 1, 7 is
Updat ed Popul ati on)
gstattabl elu = [6 odneanu(l) odstdu(l) odnobdeu(l) odmedi anu(1l)
odm nu(1l) odmaxu(l);7 odl neanu(1l) odlstdu(1l) odl nmodeu(1l)
odl medi anu(1) odl m nu(1) odl maxu(1l)];
gstattabl e2u = [6 hrmeanu(1l) hstdu(1l) hnodeu(l) hnedi anu(1l) hm nu(1l)
hmaxu(1); 7 hl meanu(1l) hlstdu(1) hlnodeu(l) hlmedianu(1) hlmnu(1)
hl maxu(1)];
gstattabl e3u = [6 wreanu(1l) wstdu(l) wnodeu(l) wnedi anu(l) wm nu(l)
wraxu(1);7 wl neanu(1l) w stdu(l) w nodeu(1l) w nedianu(l1l) w mnu(l)
w maxu(1)];
gstattabl edu = [6 dnmeanu(1l) dstdu(l) dnodeu(l) dnedianu(l) dm nu(l)
dmaxu(1l); 7 dl neanu(1) dlstdu(1) dl nodeu(1l) dl medianu(1) dl m nu(l)
dl maxu(1)];

% Di splay in tables

Updat edODSt at s = array2tabl e(gstattabl elu, ' Vari abl eNanes' ,

{' Tray',' CDMh_nmi , ' ODSTD_nmi , " ODMd_rmmi , ' ODMed_nmi , * ODM n_nmi , * ODMVax_nmi })

Updat edHSt at s = array2t abl e(gstattabl e2u, ' Vari abl eNanes',

{' Tray', ' HWvW_nmmi ," HSTD nmi , ' HMd_nmi , ' HMed_nmm , " HM n_mm , " HVax_nmi })

Updat edWst at s = array2t abl e(gstattabl e3u, ' Vari abl eNanes',

{*Tray',"Wh_g',"WSTD g',"Wd_g',"' Wkd_g'," W n_g',"  Whx_g'})

Updat edDSt at s = array2t abl e(gstattabl ed4u, ' Vari abl eNanes',

{"Tray',' DWvh_g_per_cc',' DSTD g _per_cc',' DMd_g_per_cc',' DMed_g_per_cc',' DM n_g_per _

% Updat ed Total Popul ati on Val ues, Tabul at ed

pstattabl elu = [{' Mean'} odl neanu hl neanu W neanu dl neanu; {' STD }
odl stdu hl stdu Wl stdu dl stdu; {' Mode'} odl nobdeu hl nodeu W nodeu
dl nodeu; {* Medi an'} odl nedi anu hl medi anu W medi anu dl medi anu; {' M n"}
odlminu hlminu wmnu dl mnu; {" Max'} odl maxu hl maxu w maxu dl maxu] ;

Updat edPopStats = cel | 2t abl e(pstattabl elu, ' Vari abl eNanes' ,

{' Paraneter',"OD . mm, " Hmi,"Wqg', D g per_cc'})

Updat edTraylStats =




6x5 table

Par anet er OD_mMm H mm Wag D g_per_cc
' Mean' 3.0187 3.1776 0.037434 1. 6484
' STD 0. 0007354 0. 0060271 0. 00043301 0. 0082048
' Mbde' 3.019 3.181 0. 0375 1. 6466
' Medi an' 3.019 3.1795 0. 0375 1. 6495
"Mn' 3.017 3.16 0.03471 1.6152
" Max' 3.02 3.189 0.03773 1.6679

Updat edODSt at s =

2x7 table
Tr ay CDVh_nm ODSTD_mm obvd_nm ODMVed_mm ODM n_mm
ODVax_nmm
6 3.0187 0. 0007354 3.019 3.019 3.017
3.02
7 3.0197 0. 00061475 3.02 3.02 3.017
3.02

Updat edHSt ats =

2x7 table
Tr ay HVh_mm HSTD _mm HWH_mm Hved _mm HM n_mm
HVax_mm
6 3.1776 0. 0060271 3.181 3.1795 3.16
3.189
7 3.1756 0. 0036213 3.174 3.175 3.16
3.189

Updat edWst ats =
2x7 table

Tr ay Wvh_g WSTD g WW_g Wved_g VW n_g
WVax_g
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6 0.037434 0. 00043301 0. 0375 0. 0375 0.03471
0. 03773

7 0. 037476 0. 00023015 0. 0375 0. 03748 0.03471
0. 0378

Updat edDSt at s =

2x7 table

Tray DWVh_g_per_cc DSTD g_per_cc DVMd_g_per_cc
Dved_g_per_cc DM n_g_per_cc Dvax_g_per_cc

6 1. 6484 0. 0082048 1. 6466 1. 6495
1.6152 1.6679

7 1. 6482 0. 0066434 1. 6467 1. 6481
1. 6028 1.6679

Updat edPopStats =

6x5 tabl e
Par anet er OD_mMm H mm Wag D g_per_cc
' Mean' 3. 0197 3.1756 0. 037476 1.6482
' STD 0. 00061475 0. 0036213 0. 00023015 0. 0066434
' Mbde' 3.02 3.174 0. 0375 1. 6467
' Medi an' 3.02 3.175 0. 03748 1. 6481
"Mn' 3.017 3.16 0.03471 1. 6028
" Max' 3.02 3.189 0. 0378 1.6679

Updated Data Histograms

Compareto Legacy Data Updated Height, default bins (10)

figure(' name',' Updated Hei ght Hi stogranms, Tray 1, 10 Bins')
subpl ot (1, 2,1)

histfit(hu(:,1))

title(' Updated Height, Tray 1, 10 Bins')
x| abel (" Hei ght (mm) ")

xlim([3.15 3.20])

yl abel (" # of Pellets')

ylin([0 25])

grid on

subpl ot (1, 2, 2)

histfit(h(:,1)) % Legacy

title(' Legacy Height, Tray 1, 10 Bins')
x| abel (" Hei ght (mm) ")
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xlim([3.15 3.20])
yl abel (" # of Pellets')

ylinm([0 25])
grid on

% Updat ed Hei ght, 2x bins (20)
figure(' nane', ' Updated Hei ght H stograms, Tray 1, 20 Bins')
subpl ot (1, 2, 1)

histfit(hu(:,1), 20)

title(' Updated Height, Tray 1, 20 Bins')
x| abel (" Hei ght (mm) ")

xlim([3.15 3.20])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (1, 2, 2)

histfit(h(:,1),20)

title(' Legacy Height, Tray 1, 20 Bins')
x| abel (" Hei ght (mm) ")

xlim([3.15 3.20])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

% Updat ed Wei ght, default bins (10)
figure(' nane',' Updated Weight Hi stograms, Tray 1, 10 Bins')
subpl ot (1, 2,1)

histfit(wi(:,1))

title(' Updated Weight, Tray 1, 10 Bins')
x| abel (" Wi ght (g)")

xli m([0.0360 0.0390])

yl abel (" # of Pellets')

ylinm([0 50])

grid on

subpl ot (1, 2, 2)

histfit(w:,1))

title(' Legacy Weight, Tray 1, 10 Bins')
x| abel (" Wi ght (g)")

xli m([0.0360 0.0390])

yl abel (" # of Pellets')

ylinm([0 50])

grid on

% Updat ed Wei ght, 2x bins (20)

figure(' nane',' Updated Weight Hi stograms, Tray 1, 20 Bins')
subpl ot (1, 2,1)

histfit(wu(:,1), 20)

title(' Updated Weight, Tray 1, 20 Bins')
x| abel (" Wi ght (g)")

xl'i m([0.0360 0.0390])

yl abel (" # of Pellets')

ylinm([0 50])

grid on

subpl ot (1, 2, 2)
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histfit(w(:,1), 20)

title('Legacy Weight, Tray 1, 20 Bins')
x| abel (" Wi ght (g)")

x| im([0.0360 0.0390])

yl abel (" # of Pellets')

ylim([0 50])
grid on

% Updat ed Density, default bins (10)
figure(' name',' Updated Density Histograms, Tray 1, 10 Bins')
subpl ot (1, 2, 1)

histfit(du(:,1))

title('Updated Density, Tray 1, 10 Bins')
x| abel (" Density (g/cc)")

xlim[1l.60 1.68])

yl abel (" # of Pellets")

ylim([0 30])

grid on

subpl ot (1, 2, 2)

histfit(d(:,1))

title('Legacy Density, Tray 1, 10 Bins')
x| abel (" Density (g/cc)")

xlim[1l.60 1.68])

yl abel (" # of Pellets")

ylim([0 30])

grid on

% Updat ed Density, 2x bins (20)

figure(' name',' Updated Density Histograms, Tray 1, 20 Bins')
subpl ot (1, 2, 1)

histfit(du(:,1), 20)

title('Updated Density, Tray 1, 20 Bins')
x| abel (" Density (g/cc)")

xlim[1l.60 1.68])

yl abel (" # of Pellets")

ylim([0 30])

grid on

subpl ot (1, 2, 2)

histfit(d(:,1), 20)

title('Legacy Density, Tray 1, 20 Bins')
x| abel (" Density (g/cc)")

xlim[1l.60 1.68])

yl abel (" # of Pellets")

ylim([0 30])

grid on

% Updat ed Total Polul ati on Values, default bins (10)

% Conpared to Legacy

figure(' name',' Updated Total Polulation Histograms, 10 Bins')
subpl ot (3, 2, 1)

hi stfit(hlu)

title(' Updated Total Polulation, Height, 10 Bins')

x| abel (" Hei ght (mm) ")

xlim([3.16 3.19])
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yl abel (" # of Pellets')

ylinm([0 100])

grid on

subpl ot (3, 2, 3)

histfit(wu)

title(' Updated Total Polulation, Wight, 10 Bins')
x| abel (" Wi ght (g)")

xlim{([0.0360 0.0385])

yl abel (" # of Pellets')

ylinm([0 150])

grid on

subpl ot (3, 2, 5)

hi stfit(dlu)

title(' Updated Total Polulation, Density, 10 Bins')
x|l abel (" Density (g/cc)")

yl abel (" # of Pellets')

xlim([1.6 1.68])

ylinm([0 100])

grid on

subpl ot (3, 2, 2)

histfit(hl)

title(' Legacy Total Polul ation, Height, 10 Bins')
x| abel (" Hei ght (nmm) ")

xlim([3.16 3.19])

yl abel (" # of Pellets')

ylinm([0 100])

grid on

subpl ot (3, 2, 4)

histfit(w)

title(' Legacy Total Polul ation, Wight, 10 Bins')
x| abel (" Wi ght (g)")

xlim{([0.0360 0.0385])

yl abel (" # of Pellets')

ylin([0 150])

grid on

subpl ot (3, 2, 6)

histfit(dl)

title(' Legacy Total Polul ation, Density, 10 Bins')
x|l abel (" Density (g/cc)")

xlim([1.6 1.68])

yl abel (" # of Pellets')

ylin([0 100])
grid on

% Updat ed Total Polul ati on Val ues, 2x bins (20)

% Conpare to Legacy

figure(' nane', ' Updated Total Polulation Hi stogranms, 20 Bins')
subpl ot (3, 2,1)

hi stfit(hlu, 20)

title(' Updated Total Polul ation, Height, 20 Bins')

x| abel (" Hei ght (mm) ")

xlim[3.16 3.19])

yl abel (" # of Pellets')

ylim([0 100])
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grid on

subpl ot (3, 2, 3)

histfit(w u, 20)

title(' Updated Total Polul ation, Wight, 20 Bins')
x| abel (" Wi ght (g)")

xlim{([0.0360 0.0385])

yl abel (" # of Pellets')

ylinm([0 150])

grid on

subpl ot (3, 2, 5)

hi stfit(dlu, 20)

title(' Updated Total Polulation, Density, 20 Bins')
x|l abel (" Density (g/cc)")

xlim([1.6 1.68])

yl abel (" # of Pellets')

ylinm([0 100])

grid on

subpl ot (3, 2, 2)

hi stfit(hl, 20)

title(' Legacy Total Polul ation, Height, 20 Bins')
x| abel (" Hei ght (nmm) ")

xlim([3.16 3.19])

yl abel (" # of Pellets')

ylinm([0 100])

grid on

subpl ot (3, 2, 4)

histfit(w, 20)

title(' Legacy Total Polul ation Weight, 20 Bins')
x| abel (" Wi ght (g)")

xlim{([0.0360 0.0385])

yl abel (" # of Pellets')

ylin([0 150])

grid on

subpl ot (3, 2, 6)

histfit(dl, 20)

title(' Legacy Total Polulation Density, 20 Bins')
x|l abel (" Density (g/cc)")

xlim([1.6 1.68])

yl abel (" # of Pellets')

ylin([0 100])
grid on

% Re-plot Tray 1 Parameters in one figure for report
figure(' nane',' Updated Tray 1 H stograns, 10 & 20 Bins')
subpl ot (3, 2,1)

histfit(hu(:,1))

title(' Updated Height, Tray 1, 10 Bins')

x| abel (" Hei ght (nmm) ")

xlim([3.15 3.20])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (3, 2, 3)
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histfit(wi(:,1))

title(' Updated Weight, Tray 1, 10 Bins')
x| abel (" Wi ght (g)")

xlim{([0.0360 0.0390])

yl abel (" # of Pellets')

ylinm([0 50])

grid on

subpl ot (3, 2, 5)

histfit(du(:,1))

title(' Updated Density, Tray 1, 10 Bins')
x|l abel (" Density (g/cc)")

xlim([1.60 1.68])

yl abel (" # of Pellets')

ylinm([0 30])

grid on

subpl ot (3, 2, 2)

histfit(hu(:, 1), 20)

title(' Updated Height, Tray 1, 20 Bins')
x| abel (" Hei ght (nmm) ")

xlim([3.15 3.20])

yl abel (" # of Pellets')

ylinm([0 25])

grid on

subpl ot (3, 2, 4)

histfit(wi(:,1),20)

title(' Updated Weight, Tray 1, 20 Bins')
x| abel (" Wi ght (g)")

xlim{([0.0360 0.0390])

yl abel (" # of Pellets')

ylinm([0 50])

grid on

subpl ot (3, 2, 6)

histfit(du(:, 1), 20)

title(' Updated Density, Tray 1, 20 Bins')
x|l abel (" Density (g/cc)")

xlim([1.60 1.68])

yl abel (" # of Pellets')

ylinm([0 30])

grid on

% Total Population 10 & 20 Bin Figure for report
figure(' nane',' Updated Total Polulation Hi stogranms, 10 & 20 Bins')
subpl ot (3, 2,1)

hi stfit(hlu)

title(' Updated Total Polul ation, Height, 10 Bins')
x| abel (" Hei ght (nmm) ")

xlim([3.16 3.19])

yl abel (" # of Pellets')

ylin([0 100])

grid on

subpl ot (3, 2, 3)

histfit(wu)

title(' Updated Total Polul ation, Wight, 10 Bins')
x| abel (" i ght (g)")
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xlim{([0.0360 0.0385])

yl abel (" # of Pellets')

ylinm([0 150])

grid on

subpl ot (3, 2, 5)

histfit(dlu)

title(' Updated Total Polul ation,
x|l abel (" Density (g/cc)")

yl abel (" # of Pellets')

xlim([1.6 1.68])

ylinm([0 100])

grid on

subpl ot (3, 2, 2)

hi stfit(hlu, 20)

title(' Updated Total Polul ation,
x| abel (" Hei ght (nmm) ")

xlim([3.16 3.19])

yl abel (" # of Pellets')

ylinm([0 100])

grid on

subpl ot (3, 2, 4)

histfit(w u, 20)

title(' Updated Total Polul ation,
x| abel (" Wi ght (g)")
xlim{([0.0360 0.0385])

yl abel (" # of Pellets')

ylin([0 150])

grid on

subpl ot (3, 2, 6)

hi stfit(dlu, 20)

title(' Updated Total Polul ation,
x|l abel (" Density (g/cc)")
xlim([1.6 1.68])

yl abel (" # of Pellets')

ylin([0 100])
grid on

Density, 10 Bins')

Hei ght, 20 Bins')

Wi ght, 20 Bins')

Density, 20 Bins')
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Updated Data Testing

Parameters by Tray 1 Updated OD
[ odt 1u, odpt 1u, odst 1u] = chi 2gof (odu(:,1)); % chisquare test

% Updat ed Hei ght
[ ht 1u, hpt 1u, hst 1u]

chi 2gof (hu(:,1));

% Updat ed Wi ght
[wt 1u, wpt 1u, wst 1u]

chi 2gof (wu(:,1));

% Updat ed Density
[ dt 1u, dpt 1u, dst 1u]

chi 2gof (du(:,1));

% Updat ed Data by Paraneter (Legacy Tray 1-4 + Updated Tray 1)
[ odl 1u, odl plu, odl slu] = chi 2gof (odl u); % chisquare test

[ hl 1u, hl plu, hl s1u] chi 2gof (hl u);

[W 1u, W plu, W slu] chi 2gof (W u) ;

[dl 1u, dl plu, dl s1u] chi 2gof (dl u) ;

% Tabul ate Results conmpared to Legacy Data

odtraytestu = [{'0/1"} odtlu odtl;{' Pvalue'} odptlu odptl];
Updat edODTest Stats = cel | 2t abl e(odtraytestu, ' Vari abl eNanes' ,
{' Hypot hesis',"' Updated Tray_ 1','Legacy_Tray 1'})

htraytestu = [{'0/1'} htlu ht1;{" Pvalue'} hptlu hpt1l];
Updat edHTest St at s = cel | 2t abl e(htrayt estu, ' Vari abl eNanes',
{' Hypothesis',"' Updated Tray_ 1','Legacy _Tray 1'})

wraytestu = [{"0/1"} wlu w1;{ Pvalue'} wptlu wpt1l];
Updat edWlest St at s = cel | 2t abl e(wt rayt estu, ' Vari abl eNanes',
{' Hypot hesi s',"' Updated Tray_ 1','Legacy Tray 1'})

dtraytestu = [{'0/1"} dtlu dt1;{' Pvalue'} dptlu dptl];
Updat edDTest St ats = cel | 2t abl e(dtrayt estu, ' Vari abl eNanes',
{' Hypot hesi s',"' Updated Tray_ 1','Legacy Tray 1'})
Poptestu = [{'0/1"} odl1u hl 1u W 1u dl 1u; {' Pval ue'} odl plu hl plu W plu
dl plu];
Updat edPopTest Stats = cel | 2t abl e( Popt estu, ' Vari abl eNanes',
{' Hypothesis',"OD ,'H,"W,"'D})
Updat edODTest Stats =
2x3 table

Hypot hesi s Updated_Tray_1 Legacy _Tray_1

"o/ 1 1 0
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' Pval ue' 4.8207e-19 NaN

Updat edHTest Stats =
2x3 table

Hypot hesi s Updated_Tray_1 Legacy _Tray_1

o/ 1 1 1
' Pval ue' 0. 042975 7.6876e-05
Updat edWest Stats =
2x3 table

Hypot hesi s Updated_Tray_1 Legacy _Tray_1

o/ 1 0 0
' Pval ue' NaN 0. 051421
Updat edDTest Stats =
2x3 table

Hypot hesi s Updated_Tray_1 Legacy _Tray_1

"o/ 1 1 1
' Pval ue' 1. 8344e-05 0. 00017105

Updat edPopTest Stats =

2x5 tabl e
Hypot hesi s 0D H W D
o/ 1 1 1 0 1
' Pval ue' 1.3071e- 38 4.2415e- 10 NaN 6. 5537e- 06

Updated Data Machine Sorting and Dendro-
grams

Updated Height Euclidean Dendrograms
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ytesthlu = pdist(hu(:,1)); %tray 1

squar ef or n{yt est hlu);

ztesthlu = linkage(ytesthlu);

ytesthtu = pdist(hlu(:,1)); %total population
squar ef or n{yt est ht u) ;

ztesthtu = linkage(ytesthtu);

figure ('nane',’' Updated Hei ght Euclidean Dendrogram Tray 1')
dendr ogr an{ zt est hlu, 0)

title(' Updated Height, Tray 1, Euclidean')

x|l abel (" Pel |l et | ndex Number')

yl abel (' Height Difference (nm")

set(gca, ' xtick',[])

figure ('nane',’' Updated Hei ght Euclidean Dendrogram All Pellets')
dendr ogr an{ zt est ht u, 0)

title(' Updated Height, Al Pellets, Euclidean')

x|l abel (" Pel |l et | ndex Number')

yl abel (' Height Difference (nm")

set(gca, ' xtick',[])

% Updat ed Hei ght Citybl ock Dendrograns

ytesthlcbu = pdist(hu(:,1), cityblock'); %tray 1

squar ef or m(yt est hlcbu);

ztesthlcbu = |inkage(ytesthlcbu, ' average');

ytesthtcbu = pdist(hlu(:,1), cityblock'); %total population
squar ef or m( yt est ht cbu) ;

ztesthtcbu = |inkage(ytesthtcbu, ' average');

figure ('nane',’' Updated Hei ght Cityblock Dendrogram Tray 1')
dendr ogr an( zt est hlcbu, 0)

title(' Updated Height, Tray 1, Cityblock')

x|l abel (" Pel |l et | ndex Number')

yl abel (' Height Difference (nm")

set(gca, ' xtick',[])

figure ('nane',’' Updated Hei ght Cityblock Dendrogram All Pellets')
dendr ogr an( zt est ht cbu, 0)

title('Updated Height, Al Pellets, Cityblock')

x|l abel (" Pel | et | ndex Number')

yl abel (' Height Difference (nm")

set(gca, ' xtick',[])

% Updat ed Wi ght Eucl i dean Dendr ogr ans
ytestwlu = pdist(wi(:,1)); %tray 1

squar ef or n{ yt est wlu) ;

ztestwlu = |inkage(ytestwlu);

ytestwu = pdist(wWu(:,1)); %total population
squar ef or n{yt est wt u) ;

ztestwu = |inkage(ytestwu);

figure ('nane',’' Updated Wei ght Euclidean Dendrogram Tray 1')
dendr ogr an{ zt est wlu, 0)
title(' Updated Weight, Tray 1, Euclidean')
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x| abel (" Pel |l et | ndex Nunber')
yl abel (" Wi ght Difference (g)")
set (gca, 'xtick',[])

figure ('nane',' Updated Wei ght Euclidean Dendrogram All Pellets')
dendr ogr am( zt est wt u, 0)

title(' Updated Weight, Al Pellets, Euclidean")

x| abel (" Pel |l et | ndex Nunber')

yl abel (" Wi ght Difference (g)")

set (gca, 'xtick',[])

% Updat ed Wei ght Citybl ock Dendrograns

ytestwlcbu = pdist(wi(:,1), cityblock'); %tray 1

squar ef or n{ yt est wichu);

ztestwlcbu = |inkage(ytestwlchbu,'average');

ytestwtcbu = pdist(wWu(:,1), cityblock'); %total population
squar ef or n{ yt est wt cbu) ;

ztestwtcbu = |inkage(ytestwtcbu,'average');

figure ('nane',' Updated Wei ght Citybl ock Dendrogram Tray 1')
dendr ogr an( zt est wicbu, 0)

title(' Updated Weight, Tray 1, C tybl ock"')

x| abel (" Pel |l et | ndex Nunber')

yl abel (" Wi ght Difference (g)")

set (gca, 'xtick',[])

figure ('nane',' Updated Wei ght Ctybl ock Dendrogram All Pellets')
dendr ogr an( zt est wt cbu, 0)

title(' Updated Weight, Al Pellets, G tyblock")

x| abel (" Pel |l et | ndex Nunber')

yl abel (" Wi ght Difference (g)")

set (gca, 'xtick',[])

% Updat ed Density Euclidean Dendrograns
ytestdlu = pdist(du(:,1)); %tray 1

squar ef orm(yt est dlu);

ztestdlu = |inkage(ytestdlu);

ytestdtu = pdist(dlu(:,1)); %total population
squar ef orm(yt estdt u) ;

ztestdtu = |inkage(ytestdtu);

figure ('nane',' Updated Density Euclidean Dendrogram Tray 1')
dendr ogr am( zt est d1u, 0)

title('Updated Density, Tray 1, Euclidean")

x| abel (" Pel |l et | ndex Nunber')

yl abel (' Density Difference (g/cc)")

set (gca, 'xtick',[])

figure ('nane',' Updated Density Euclidean Dendrogram All Pellets")
dendr ogr am( zt est dt u, 0)

title('Updated Density, Al Pellets, Euclidean')

x| abel (" Pel |l et | ndex Nunber')

yl abel (' Density Difference (g/cc)")

set (gca, 'xtick',[])
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% Updat ed Density Citybl ock Dendrograns

ytestdlcbu = pdist(du(:,1), cityblock'); %tray 1

squar ef orn{yt est dlchu);

ztestdlcbu = linkage(ytestdlcbu, ' average');

ytestdtcbu = pdist(dlu(:,1), cityblock'); %total population
squar ef orn{ yt est dt cbu) ;

ztestdtcbu = linkage(ytestdtcbu,'average');

figure ('nane',' Updated Density Citybl ock Dendrogram Tray 1')
dendr ogr an( zt est dicbu, 0)

title('Updated Density, Tray 1, G tyblock")

x| abel (" Pel |l et | ndex Nunber')

yl abel (' Density Difference (g/cc)")

set (gca, 'xtick',[])

figure(' name',' Updated Density and Legacy Density C tybl ock Dendrogram
Tray 1')

subpl ot (2,1, 1)

dendr ogr an( zt est dicbu, 0)

title('Updated Density, Tray 1, G tyblock")
x| abel (" Pel |l et | ndex Nunber')

yl abel (' Density Difference (g/cc)")

set (gca, 'xtick',[])

subpl ot (2, 1, 2)

dendr ogr an( zt est dicbh, 0)

title('Legacy Density, Tray 1, Cityblock')

x| abel (" Pel |l et | ndex Nunber')

yl abel (' Density Difference (g/cc)")

set (gca, 'xtick',[])

figure ('nane',' Updated Density Cityblock Dendrogram All Pellets")
dendr ogr an( zt est dt cbu, 0)

title('Updated Density, Al Pellets, Cityblock')

x| abel (" Pel |l et | ndex Nunber')

yl abel (' Density Difference (g/cc)")

set (gca, 'xtick',[])

figure(' name',' Updated and Legacy Density Citybl ock Dendragraph Al
Pell ets')

subpl ot (2,1, 1)

dendr ogr an( zt est dt cbu, 0)

title('Updated Density, Al Pellets, Cityblock')

x| abel (" Pel |l et | ndex Nunber')

yl abel (' Density Difference (g/cc)")

set (gca, 'xtick',[])

subpl ot (2, 1, 2)

dendr ogr an( zt est dt cb, 0)

title('Legacy Density, Al Pellets, G tyblock")

x| abel (" Pel |l et | ndex Nunber')

yl abel (' Density Difference (g/cc)")

set (gca, 'xtick',[])

% Updated Al Paraneters Euclidean Dendrogramns
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ytestalu = pdist(alu);
squar eform(ytestal u);
ztestalu = |inkage(ytestal u);

figure ('nane',' Updated Al Paraneters Euclidean Dendrogram All
Pell ets')

dendr ogr am( zt est al u, 0)

title('Updated Al Paraneters, Al Pellets, Euclidean")

x| abel (" Pel |l et | ndex Nunber')

yl abel (' Di fference')

set (gca, 'xtick',[])

% Updated Al Paraneters Citybl ock Dendrogramns
ytestal cbu = pdist(alu,'cityblock');

squar ef orn{ yt est al cbu) ;

ztestal cbu = linkage(ytestal cbu,'average');

figure ('nane',' Updated Al Paraneters C tybl ock Dendrogram All
Pell ets')

dendr ogr an( zt est al cbu, 0)

title('Updated Al Paraneters, Al Pellets, G tyblock")

x| abel (" Pel |l et | ndex Nunber')

yl abel (' Di fference')

set (gca, 'xtick',[])
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Updated Height, All Pellets, Cityblock
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Updated Density, All Pellets, Euclidean
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Updated Density, Tray 1, Cityblock

=y
&=
=003k
[ak]
L]
5 002
@ .
O
2001} H;L
ul
5 ]
(] 0 ‘_q‘El_d—'e_ : — = =
Pellet Index Mumber
Legacy Density, Tray 1, Cityblock
g
=
S 001f
x
=
0 0,008 | ,
=
2 ‘
a Y ——— T oo
Pellet Index Mumber
Updated Density, All Pellets, Cityblock
0.0035
0.03[
%)
L
= 0.025 |
a
[
o
0.021
£
[
= L
= 0.015
[
]
(]
0.01
0.005
0

Pellet Index Number

79



Difference

Density Difference (g/cc)
5
M2

Density Difference (gfcc)
= = = =
o o oo o
- [ [ 4=

=

0.016

0.014

0.012

0.01

0.008

0.006

0.004

0.002

Updated Density, All Pellets, Cityblock

[
[

I —— e

Pellet Index Mumber

Legacy Density, All Pellets, Cityblock

5 l -—‘1__:55155551&

Pellet Index Mumber

Updated All Parameters, All Pellets, Euclidean

o wmmeem ey 41 s [ R D]

Pellet Index Number

80



Updated All Parameters, All Pellets, Cityblock
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Updated Data Cophenetic Distances and Incon-
sistency Coefficients

% Eucl i dean Cophenetic Di stances, Hei ght

chleu = cophenet (ztesthlu, ytesthlu);

chteu = cophenet (ztesthtu, ytesthtu);

chall eu = [chleu chteu];

% Ci tybl ock Cophenetic D stances, Height

chlcbu = cophenet (ztesthlcbu, ytest hlcbu);

cht cbu = cophenet (zt est ht cbu, yt est ht cbu) ;

chal | cbu = [chlcbu chtcbu];

% Maxi mum | nconsi stency Coefficient, using Ctyblocck, Height

i hlcbu = inconsistent(ztesthlcbu);
i hlcbmaxu = max(ihlcbu(:, 4));
i ht cbu = inconsistent(ztesthtcbu);

i ht cbmaxu = max(ihtcbu(:,4));
i hmaxal | cbu = [i hlcbmaxu i htcbmaxu];

% Eucl i dean Cophenetic Di stances, Wi ght
cwleu = cophenet (ztestwlu, ytestwlu);

cwt eu = cophenet (ztestwt u, ytestwt u);
cwal l eu = [cwleu cwt eu];

% Ci tybl ock Cophenetic D stances, Wi ght
cwlcbu = cophenet (zt estwlchu, yt est wicbu);
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cwt cbu = cophenet (zt est wt cbu, yt est wt cbu) ;
cwal | cbu = [cwlcbu cwt cbu];
% Maxi mum | nconsi stency Coefficient, using Cityblocck, Wi ght

i wlcbu = inconsistent(ztestwlchu);
i wlcbmaxu = max(iwlcbu(:,4));
i Wt cbu = inconsistent(ztestw chu);

i Wt cbmaxu = max(iwcbu(:,4));
i wmaxal | cbu = [iwlcbmaxu iwt cbmaxu];

% Eucl i dean Cophenetic Di stances, Density

cdleu = cophenet (ztestdlu, ytestdlu);

cdteu = cophenet (ztestdtu, ytestdtu);

cdal l eu = [cdleu cdteu];

% Ci tybl ock Cophenetic Di stances, Density

cdlcbu = cophenet (ztestdlcbu, ytestdlchu);

cdt cbu = cophenet (zt est dt cbu, yt est dt cbu) ;

cdal | cbu = [cdlcbu cdtcbu];

% Maxi mum | nconsi stency Coefficient, using Cityblocck, Density

i dlcbu = inconsistent(ztestdlchu);
i dlcbmaxu = max(idlcbu(:,4));
i dtcbu = inconsistent(ztestdtchbu);

i dt cbmaxu = max(idtcbu(:,4));
i dmaxal | cbu = [idlcbmaxu idtcbmaxu];

% Updat ed Eucl i dean Cophenetic Di stances, Al Paraneters
cal eu = cophenet (ztestal u, ytestal u);

% Updat ed Citybl ock Cophenetic Di stances, Al Paraneters
cal cbu = cophenet (zt est al cbu, yt est al cbu) ;

% Updat ed Maxi mum I nconsi st ency Coefficient, using Ctyblocck, Al
Par anet ers

i al eu = inconsistent(ztestal u);
i al emaxu = max(ialeu(:,4));
i al cbu = inconsistent(ztestal cbu);

i al cbomaxu = max(ial cbu(:,4));

% Tabul ate Results (6 is Updated Tray 1, 7 is Updated Popul ation )
copstattabl e2u = [6 chleu chlcbu ihlcbmaxu cwleu cwlchbu iwlcbmaxu
cdleu cdlcbu idlcbmaxu; 7 chteu chtcbu i htcbmaxu cwteu cwt cbu
i Wt cbmaxu cdt eu cdtcbu idtcbnmaxu];
Updat edSort Stats = array2tabl e(copstattabl e2u, ' Vari abl eNanes'
{' Tray',' HCDE',' HCDCB' ,' H C ,' WCDE' , ' WCDCB' ,' WC , ' DCDE' , ' DCDCB', ' DI C })
copstattabl e2alu = [cal eu cal cbu ial emaxu i al cbmaxu];
Updat edAl | ParaStats = arrayZ2tabl e(copstattabl e2al u, ' Vari abl eNanes'
{'" APCDE' ,"' APCDCB' ,"' APICE',"' APICCB' })

% Conpare Results (1 -4 are Legacy Trays 1-4, 5 is Legacy Popul ation
6 is Updated Tray 1, and 7 is Updated Popul ati on)

copstattabl e2ut = [1 chle chlcb i hlcbmax cwle cwlcb i wlcbmax cdle
cdlcb idlcbnmax;2 ch2e ch2cb i h2cbmax cw2e cw2cb i w2cbnax cd2e

cd2cb id2cbnmax; 3 ch3e ch3cb i h3cbmax cw3e cw3cb i w3cbnax cd3e

cd3cb i d3cbnmax; 4 chd4e ch4cb i hdcbmax cwde cw4cb i wAcbnax cd4e

cd4cb id4cbmax;5 chte chtcb i htcbmax cwe cwtcb i wtcbmax cdte cdtch
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i dt cbmax; 6 chleu chlcbu i hlcbnmaxu cwleu cwlcbu i wlcbmaxu cdleu cdlcbu
i dlcbmaxu; 7 chteu chtcbu i htcbnaxu cwteu cwtcbu i wtcbmaxu cdteu

cdt cbu i dt cbmaxu] ;

ConpareSort Stats = array2tabl e(copstattabl e2ut, ' Vari abl eNanes'
{' Tray',' HCDE',"' HCDCB' ,' H C ,"' WCDE' ,' WCDCB' ,' WC , ' DCDE' , ' DCDCB', "' DI C })
copstattabl e2aluc = [cal e calcb ial emax ial cbmax; cal eu cal cbu i al emaxu

i al cbmaxu] ;

Updat edAl | Par aSt at sConp =

array?2t abl e(copst att abl e2al uc, ' Vari abl eNanes'
{'" APCDE' ,"' APCDCB' ,"' APICE',"' API CCB' })

Updat edSort Stats =

2x10 table
Tr ay HCDE HCDCB H C WCDE WCDCB WC
DCDE DCDCB D C
6 0. 82465 0. 83915 1.1547 0. 98945 0. 993
1.1547 0. 93574 0. 95673 1.1544
7 0. 69646 0. 87164 1.1547 0. 93488 0. 9697
1.1547 0. 80338 0. 89999 1.1547
Updat edAl | ParaStats =
1x4 table
APCDE APCDCB API CE API CCB
0. 82544 0. 87859 1.1547 1.1547
ConpareSort Stats =
7%x10 table
Tr ay HCDE HCDCB H C WCDE WCDCB WC
DCDE DCDCB D C
1 0. 93743 0. 94557 1.1547 0. 81668 0. 79689
1.1547 0. 8436 0. 84029 1.1547
2 0. 59532 0. 78111 1.1547 0. 90152 0. 95006
1.1547 0. 88467 0. 95036 1.1514
3 0. 54903 0. 74655 1.1547 0. 73311 0.792
1.1547 0. 81439 0. 80456 1.148
4 0. 77063 0. 8572 1.1547 0. 64288 0.70384
1.1547 0.67874 0. 75449 1.1547
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5 0. 87666 0.90168 1. 1547 0. 75019 0. 88367

1. 1547 0. 72992 0. 8686 1. 1547

6 0. 82465 0. 83915 1. 1547 0. 98945 0.993
1. 1547 0.93574 0. 95673 1.1544

7 0. 69646 0. 87164 1. 1547 0. 93488 0. 9697

1. 1547 0. 80338 0. 89999 1. 1547

Updat edAl | Par aSt at sConp =
2x4 table

APCDE APCDCB API CE API CCB

0. 76597 0. 87306 1. 1547 1. 1547
0. 82544 0. 87859 1. 1547 1. 1547

Updated Data Clustering

Tray Index Assignment for Clustering (add to original index)
tray(201:250) = {"Tray 1 - Updated'};

thu = cluster(ztesthtcbu, ' maxclust', 4);

Updat edHei ght Sort = crosstab(thu, tray)

cutof f4 = medi an([ ztest ht cbu(end-2, 3) ztesthtcbu(end-1,3)]);
figure(' nanme',' Updated 4 Sorted Hei ght Dendrogran)
dendr ogr an{ zt est ht cbu, 0, ' Col or Threshol d', cut of f 4)

title(' Updated Height, 4 Cluster')

x|l abel (" Pel |l et | ndex Number')

yl abel (' Height Difference (nm")

set(gca, ' xtick',[])

twu = cluster(ztestwtcbu, ' maxclust', 4);

Updat edWei ght Sort = crosstab(twu, tray)

cutof f5 = medi an([ zt est w cbu(end- 2, 3) ztestwtcbu(end-1,3)]);
figure(' nanme',' Updated 4 Sorted Wei ght Dendrogram)
dendr ogr an{ zt est wt cbu, 0, ' Col or Threshol d', cut of f 5)

title(' Updated Weight, 4 Cluster')

x|l abel (' Pel | et | ndex Number')

yl abel (" Wi ght Difference (g)')

set(gca, ' xtick',[])

tdu = cluster(ztestdtcbu, ' maxclust', 4);

Updat edDensi tySort = crosstab(tdu,tray)

cutof f6 = medi an([ ztestdtcb(end-2,3) ztestdtcb(end-1,3)]);
figure(' name', ' Updated 4 Sorted Density Dendrogramn)
dendr ogr an{ zt est dt cbu, 0, ' Col or Threshol d', cut of f 6)

title(' Updated Density, 4 Cluster')

x|l abel (" Pel | et | ndex Number')

yl abel (' Density Difference (g/cc)')
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set(gca, ' xtick' ,[])

talu = cluster(ztestal cbu, ' naxclust', 4);

Updat edAl | ParaSort = crosstab(tal u,tray)

cutof fal u4 = ztestal cbu(end- 2, 3);

figure('nane', ' Updated 4 Sorted All Paraneter Dendrogran)
dendr ogr an{ zt est al cbu, 0, ' Col or Threshol d' , cut of f al u4)
title(' Updated Al Parameter, 4 Cluster, Ctyblock')

x|l abel (" Pel |l et | ndex Number')

yl abel (' Difference (unitless)")

set(gca, ' xtick',[])

% Di spl ay Updated 4 Clustered Results

figure(' nane','Updated Hei ght vs. Wight vs. Density, Al Pellets, 4
Cluster')

map =[100; 0.25 0.75 0.25; 00 1; 0.75 0 0.75];
col or map( map)
scatter3(hlu,wu,dlu,10,talu, filled")

x| abel (" Hei ght (mm) ")

yl abel (" Wi ght (g)"')

zl abel (' Density (g/cc)')

xlim[3.16 3.19])

ylim([0. 0360 0.0380])

zlinm([1.60 1.70])

title(' Updated Measurenents, 4 Cluster, Ctyblock')

% Try 5 Clusters

thuS5 = cluster(ztesthtcbu, naxclust',5);

Updat edHei ght Sort5 = crosstab(thu5, tray)

cutof f7 = medi an([ zt est ht cbu(end- 3, 3) ztest ht cbu(end- 2, 3)
ztesthtcbu(end-1, 3)]);

figure(' nane',' Updated 5 Sorted Hei ght Dendrogramn)

dendr ogr an{ zt est ht cbu, 0, ' Col or Threshol d', cut of f 7)

title(' Updated Height, 5 Cluster')

x|l abel (" Pel |l et | ndex Number')

yl abel (' Height Difference (nm")

set(gca, ' xtick',[])

twu5 = cluster(ztestwtcbu, ' naxclust',5);

Updat edWei ght Sort5 = crosstab(twub, tray)

cutof f8 = nmedi an([ zt est wt cbu(end- 3, 3) zt estw cbu(end- 2, 3)
ztestwt cbu(end-1, 3)]);

figure(' nane',' Updated 5 Sorted Wi ght Dendrogramn)

dendr ogr an{ zt est wt cbu, 0, ' Col or Threshol d', cut of f 8)

title(' Updated Weight, 5 Cluster')

x|l abel (' Pel | et | ndex Number')

yl abel (" Wi ght Difference (g)')

set(gca, ' xtick',[])

tdu5 = cluster(ztestdtcbu, naxclust',5);

Updat edDensi tySort5 = crosstab(tdu5,tray)

cutof f9 = medi an([ zt estdtcb(end-3,3) ztestdtcb(end-2, 3)
ztestdtcb(end-1,3)]);

figure('nane', ' Updated 5 Sorted Density Dendrogram )
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dendr ogr an{ zt est dt cbu, 0, ' Col or Threshol d', cut of f 9)
title(' Updated Density, 5 Cluster')

x|l abel (" Pel |l et | ndex Number')

yl abel (' Density Difference (g/cc)')
set(gca, ' xtick',[])

talu5 = cluster(ztestal cbu, ' maxclust',5);

Updat edAl | ParaSort5 = crosstab(tal u5,tray)

cutof fal u5 = ztestal cbu(end- 3, 3);

figure('nane', ' Updated 4 Sorted All Paraneter Dendrogram)
dendr ogr an{ zt est al cbu, 0, ' Col or Threshol d', cut of f al u5)
title(' Updated Al Parameter, 5 Custer, Ctybl ock")

x|l abel (" Pel |l et | ndex Number')

yl abel (' Difference (unitless)")

set(gca, ' xtick',[])

% Di splay Clustered Results

figure(' nane',' Updated Hei ght vs. Weight vs. Density, Al Pellets, 5
Cluster')

map = [0.75 0 0.75; 0.75 0.750; 1 00; 0.25 0.75 0.25; 0 0 1];
col or map( map)

scatter3(hlu,wu,dlu,10,talub, ' filled)

x| abel (" Hei ght (mm) ")

yl abel (" Wi ght (g)')

zl abel (' Density (g/cc)')

xlim[3.16 3.19])

ylim([0. 0360 0.0380])

zlinm([1.60 1.70])

title(' Updated Measurenents, 5 Cluster, Citybl ock')

grid on

Updat edHei ght Sort =

0 0 0 0 1
4 0 1 0 24
43 50 49 50 22
3 0 0 0 3

7 0 1 0 0
43 49 49 50 47
0 1 0 0 2
0 0 0 0 1

Updat edDensi tySort =

© R oo
© OO
Oooo
Oooo
Nk N O
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Updated All Parameter, 5 Cluster, Cityblock
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